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PREFACE. 



THE practical development of aerial navigation is 
slow relatively to other modes of locomotion. 
The chief cause lies in the fact that any disaster is 
nearly sure to be fatal to human life, and although 
ocean navigation is attended by a certain amount of 
danger to both life and property, the risk is minimised 
by the adaptability of boats, lifebuoys, and a consider- 
able portion of the dSris incidental to shipwrecks, to 
float upon the surface of the water and sustain the 
survivors. It is true that in many cases, in the present 
stage of rapid ocean transit, such life-saving appliances 
are not always available or successful, but the existence 
of them engenders a degree of confidence which has as 
yet no counterpart in aerial navigation. 

There have been disasters in this enterprise — as there 
always will be, to the end of time, whenever man seeks 
to conquer the unknown. In olden times, when to the 
adventurous Phoenician navigator the unknown waste 
beyond the Pillars of Hercules was the edge of a 
veritable Plutonian abyss, men went forth and returned 
no more. And the wise City Fathers at the gates of 
Tyre prophesied this and that sad fate to the blas- 
phemous seeker of the secrets of the gods. How many 
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stark ribs and frames of erstwhile stout galleys strewed 
the Ionian coasts ere the Pillars were won and the 
far-off Casscritides reached. No Lloyd's agencies, no 
shipping news, then existed to supply the record ; but 
we may feel assured that the City Fathers expressed no 
astonishment, but accepted the fact literally when once 
accomplished. The ocean greyhound is now an every- 
day sight, and the air-ship will soon cease to cause 
astonishment. 

Since recent successful experiments and commercial 
enterprise have combined to render aerial navigation 
a prominent feature in progressive science, no apology 
is needed In introducing the present volume, which 
treats of the laws governing flight as exemplified by 
animals, birds, and insects, and of the construction of 
dirigible balloons, aerostats, aeroplanes, and acromotors 
to be synthetically deduced therefrom and illustrated by 
various types already made. 

We admit the air-ship in practice to combine the 
aerostat, aeroplane, and mechanical propeller, and to be 
absolutely safe, but the exact proportions each must 
bear to the others is not within the province of a work 
the aim of which is to convey elementary instruction in 
a popular manner ; and this also applies to the aeroplane, 
the term here being applied in a broad sense. When 
the area of the plane is subdivided into aerocurvcs, or 
reactionary surfaces of which the curvilinear construc- 
tion is based upon the cissoid curve, the elaborate 
calculations governing this would be out of place. And 
in a similar manner we do not go into the intricate 
problems relating to the screw propeller in air, and its 



reaction upon curved aeroplanes, but have endeavoured 
to present in readable fashion a thoroughly practical 
basis upon which the air-ship may be constructed and 
understood in its action. 

From a commercial point of view the advantages to 
be derived from any increased speed due to aerial navi- 
gation as against other modes of locomotion are not 
immediately apparent, except for light postal services. 
The aciromotor or air-ship will always be of great value 
in naval and military tactics, and for Ordnance surveyingj 
purposes, stil! with exactly the same effect that applies 
to seagoing navies and war-craft generally — that is, each 
Power, whilst proceeding upon the defined primary lines 
of construction, will strive to possess the best aerial navy, 
and this spirit of competition will be good for inventors 
and for commerce generally. Aerial navigation can 
only effect a revolution in international matters by the 
discovery and application of the neutralisation and 
regulation of the force of gravity. Given this as a secret 
under the control of a peaceful and highly civilised 
Power, and war and its concomitant horrors would be 
a story of the past. 

The true co-ordination of physical phenomena brings 
creative imagination to bear upon the dead side of the 
world turned to us, and causes us to comprehend the 
pulsations of its real life beyond the screen of materialism. 
So co-ordinates light, electricity, magnetism, and each 
new imaginative construction brings us nearer to the 
conception of a living universe. As an instance, we may 
take the now well-known " cathode rays," where force 
takes material embodiment, and we see that all apparently 
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quiescent matter is really energy at work in various 
forms ; and again, there are the hitherto undeveloped 
mysteries of radiation. 

The attraction of gravitation up to the present time 
has not co-ordinated with other forces, and there may 
yet be a mode of applying known forces in aerostation 
in this wide and all but untrodden field of research. 

FREDK. WALKER. 



Oxford, 2nd June 1902. 
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CHAPTER I. 

THE LA WS OF FLIGHT. 

Fundamental Laws. — There is a certain condition 
of moving bodies which affords a general measure of 
their force. When a moving body is directly opposed 
by a vis mortua^ such as a pressure or resistance like that 
of gravity, the measure of such vis mortua required to 
neutralise the force and bring the moving body to rest 
must form the basis of the measurement of the force. 
The problem to be assumed is, in measuring the said 
force, to consider in which of its different capacities is its 
effect to be measured. If the length of the line which 
the moving body describes against a uniform resistance 
be taken as the effect and measure of the force, the force 
is as the square of the velocity. Taking the resistance 
to be that exerted by gravity, the estimation of the force 
becomes definite, and is measured in terms of the square 
of the velocity. And a body in true flight must be 
capable of motion in both directions, against the air 
resistance in one case and gravity in the other, and the 
force must be continuous, as will be seen hereafter. 

Natural Flight. — The method of rising and pro- 
gressing in the air varies according to the requirements 
of the animal, bird, or insect provided by nature with 

A 
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wings. Such birds as the condor (^Sacluramphus gryphus) 
and the albatross {Dioiiiedea exu/atts) are capable of 
extended flight, the former poising as it were in the 
air at an altitude of over 10,000 ft, and the latter 
following a ship for a thousand miles. The winj; surface 
of these birds is oblique, so that a rapid horizontal move- 
ment is attained. This movement, being diagonal or 
spiral, as the case may be, carries the bird upwards, and 
when it drops, by partially closing its wings, it does .so 
in a diagonal direction with great rapidity, acquiring 
such momentum as to carry it upwards again. And the 




equipoise of the body is so sensitive, depending as it 
were on the fulcrum of the wing.s, that the long flight 
is maintained without an apparent flap. Soaring birds, 
such as the skylark, have the wings set horizontally when 
extended, in order to effect the upward flight in nearly a 
vertical direction. 

The osseous framework of these wings is shown by 
Fig, I. The Intmerus c articulates with a cavity between 
the coriuoid bone b and the scapula a. It is directed 
backward in repose, approximately parallel with the spine. 
The humerus articulates at the opposite extremity with 
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the cubitus or forearm, which is composed of the ulna d 
and radius e, and is so jointed as to fold when at rest in 
a direction parallel to that of the humerus. The carpus 
consists of two small bones y;/placed between the outer 
extremity of the cubitus ind the metacarpus g, which 
consists of two bones united -it both ends. From the 
anterior edge of the metacarpus projects t\\epollfx k and 
two dr^ital bones or phakingts i j. These latter are 
analojjous to the fingers and the pollex to the thumb of a 




hand The pectoral muscles operating the humerus are 
nnmensclj powerful extcndrng from a deep sternum or 
breast bone, shaped like the kec! of a ship. This qualifies 
the enormous expenditure of force which takes place 
when the body is not only supported but raised and pro- 
pelled through the air. The bones of a bird are not only 
hollow, but in direct communication with the lungs, 
which admits of a constant supply of rarefied air, of less 
density than that surrounding it. Also the general 
structure affords the maximum of strength combined 



4 AERIAL NAVIGATION. 

with the minimum of weight. The skeleton of a condor 
measuring 6 ft. 4 in. over the tips of the wings, when 
newly articulated, and before the moisture had evaporated, 
was only 9.7 oz. 

Referring to Fig. 2, the arrangement of the feathers is 
shown, the primaries P springing from the digits i,j and 
the metacarpus g, as shown by Fig. 1. The secondaries S 
take their origin from the cubitus, and the spurious wing or 
alula SW springs from the pollex or thumb. The expan- 
sion and contraction of the muscular system, tn which the 
primaries and secondaries are held by their extremities, 
cause a semi-rotary movement to be imparted to each 
feather simultaneously with the movement imparted to 
the humerus by the pectoral muscles. In all cases the 
motion due to the action of the wings must be such that 
the air is struck with less force during the up-stroke than 
during the down-stroke ; otherwise the effect of the 
former would neutralise that of the latter. Thus the 
semi-rotary movement of the feathers before-mentioned 
causes the surface of the wing to be altered upon the up- 
stroke, by turning the feathers so as to present the edges 
to the air, closing them to present a flat surface on the 
down-stroke. This is analogous to the movement called 
" feathering" in rowing, and also in using paddle wheels. 
Referring to the fundamental laws at the commencement 
of this chapter, it will be seen that the resistance varies 
as the square of the velocity of the stroke. Hence, if the 
down-stroke be made at three times the speed rate of 
the up-stroke, the resistance is nine times greater. But 
as this only operates during one-third of the time, it is in 
effect equal to three times that which operates against 
the up-.stroke. Therefore the alteration of the ellective 
area of the wing at each portion of the double stroke is 
essential to flight. 

In the case of the flight of bats {Vespertilio) the 
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method of varying the surface area is necessarily different, 
since a soft membrane takes the place of feathers. 

The general structure of a bat's wing is shown by 
Fig. 3. Here the cubitus d articulates with the humerus r, 
and carries the phalanges /, / k and a hooked thumb h. 
The hinder legs / terminate in a single hooked phalange, 
and the tail / supports the caudal membrane, which by 
deflection enables the animal to steer its flight. The 
method of flight is to rise by flapping, the up-stroke 




being made with the wing surface diminished and the 
membrane slackened by partial closure of ih^ phalanges 
iyj\ ky in the same manner as in the case of the flight of 
birds. The bat swoops downwards with extended wings, 
fully stretched, and by a sudden deviation ascends again 
diagonally, impelled by the acquired momentum of the 
rapid ascent. Or the animal may fly in a spiral or 
curvilinear direction. The sense of equilibrium is highly 
developed, and the darting flight is sustained for hours 
without the necessity for alighting. 
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The pterodactyl, a huge flying lizard, now extinct, 
had wings of this description, and its method of flying 
was undoubtedly the same. 

The flight of insects varies somewhat, and although 
the power is exerted in the same ratio relatively to 
resistance and velocity as in the cases before-mentioned, 




the higher velocity of displacement of air alters the con- 
ditions. When a volume of air is displaced by a scries 
of iiifinitcly rapid vibrations, the wave eflect is that of 
the waves given off from the striking surface of the wing 
at a high velocity and the incoming waves to fill the 
displacement at a less velocity. Air delivered at a high 
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velocity in this manner partakes of the attributes of a 
fluid under similar conditions, that is to say, it is sprayed 
or atomised, and to a certain extent, rarefied. This 
phenomenon is of importance when studying the flight 
of coleopterous insects.* 

Fig. 4 shows the arrangement of the organs of flight 
of the common stag beetle {Lucanus cervus), in which 
the anterior wings or e/jyira are corneous in structure, 
presenting a convex outer surface and a concave inner 
surface. The elytra a form cases for protecting the 
membranaceous posterior wings w when closed and in 
repose, and the muscles of the thorax x merely allow of 
opening and closing, or remaining rigid in cither position. 
The true wing is the posterior w, and consists of two 
layers of thin membrane, one superimposed above the 
other, and covering intersecting ribs or nervures, which 
form the framework and the source of vibratory motion. 
These nervures, which to the unassisted eye appear like 
threads, are of varying thicknesses, the thicker nervures 
passing horizontally through the wing, and the thinner 
ones intersecting them. The upper faces of the nervures 
are of a horny .structure and adhere closely to the upper 
membrane, but the under surfaces are not so intimately 
attached to the under membrane, and arc flattened. 
Thus the under membrane may be separated by skilful 
dissection for purposes of microscopic examination. 
These nervures are tubular in form, tapering toward 
the end or edge of the wing, and within them is disposed 
a spiral elastic tube, with the inner end communicating 



* This theory of vibratory (lighl is due to M. Chabrier, and 
CKplained in his "Essai sur le Vol des Insecles," and carries a 
certain amount of probability, which has not, by reason of the 
extreme delicacy of such a mechanical test, been pul to the proof 
of experiment, The subject is worthy of further rese:irch, 
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with the lungs, or an air vessel controlled by muscles 
as to dilate or contract at the will of the insect. This 
spirally rolled tube constitutes a trachea. Thus the 
is struck as it were by the flattened stretched surface at 
one period of the vibration and slackened at the other 
period. The terms up-stroke and down-stroke arc not 
applicable to a vibrating surface which changes its 
direction and character many hundreds of times in a 
second of time. When we consider that the thorax x,j' 
(comprising the prothorax, mcsothorax.and metathorax) 
and the extended claws s arc of considerable bulk, and 
also extend beyond the fulcrum of the wing w, it is idle to 





Fy.5. 



c that the anterior fixed wing or elytrn n is not an 
organ of suspension, if not of flight. It will be seen that 
the. outer nervure or radius c terminates in a branch d, 
the stigma, which forms a junction with the second 
nervaturc or cubitus. Since the radius c is thicker than 
the other nervaturcs, it forms with the stigma a cup or 
concavity approximately fitting the edge of the elytra a. 
Thus, referring to the diagram, Fig. S, in which the 
wing 7f is tense, and vibrating downwards, the direction 
of the air currents diverted into a is shown by the arrows, 
and when the wing if is slackened at the other period of 
vibration, the cup formed by the junction of the radius c 
and stigma d approximately closes the posterior edge of 
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the elytra a. We have seen that air displaced at a high 
velocity is subject to rareraction, and therefore is Ughtcr 
than the surrounding air. These conditions enable the 
rigid eljitra to support the projecting organs. Although 
the coleoptera are distinguished by a trunk of consider- 
able bulk, it is owing to its membrano-celJular structure, 
uf extreme lightness, and the organs for the dilTusion of 
air, permeating the whole organic formation, render this 
type of insect capable of a tolerable range of flight. 




The wings, and consequently the conditions of flight, 
vary according to the general shape and bulk of the 
types of insects, since, in the case of the hemiptcra, the 
elytra are semi-corneous or coriaceous, forming a vibra- 
tory anterior wing, and at the same time, by reason of 
their leathery structure, constituting a sheath for the 
posterior wing, of membranous consistence. In the lepi- 
doptera and hymcnoptera the anterior and posterior 
wings are alike. Referring to Fig. 6, which shows the 
disposition of the ncrvures of the wings of hymenoptera, 
in B the radius or chief ncrvure a and the cubital nervurc 



lO AKKiAL NAVIGATION. 

b Join to form the stigma c. These being the primitive 
nervures, other lesser nervures termed brachial g, spring 
from the thorax towards the extremity of the wing. In 
B a radial ncrvurc d springs from the stigma c to the 
anterior edge, enclosing by an intersecting nervure a 
membranous space called the radial cell a (sketches A 
and C). Cubital cells b and e are similarly formed. The 
breukial nervures and their branches form /tumeral ccUs 
//, D, by intersection, and also discoidal cells i, a, c, and 
extensions of the brachial nenmres g towards the pos- 
terior edge of the wing, starting from an intersecting 
nervure, are termed reairrciit nervures /, K. Now the 
theory of flight in the case of such wings is upon the 
presumed alternation of dilation of the radius and cubitus 
together, and the brachial nervures together, thus forming 
a wave-like undulation of the surface from the anterior 
to the posterior edges of the wing at an approximately 
right angle to the longitudinal nervures. The progress 
of the insect during flight is, according to this theory, 
due to a rapid displacement of air in a given plane, the 
actions of rising and falling being effected by an altera- 
tion of the angle of the surface in the thoracic articulation. 
To describe the motion in plain language, it may be said 
that the wing surface rests upon a rapidly moving film 
of air rarefied by the velocity of impact, the rarefaction 
and movement being derived from the undulatory motion 
due to alternate dilations of the spiral internal nervures, 
the alternations being performed at a high velocity. In 
its proper place it may be shown how artificial flight 
may be mechanically produced in exactly the same 
manner. 

The membranous skin uniting the fore and hind legs 
of the flying opossum {Pataurus scii/rus) and other so- 
called flj'ing animals, simply acts as an aeroplane or para- 
chute enabling them to drop from a height and travel 
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across a certain space laterally whilst doing so. In the 
opposition of a wind current, ascension may be effected 
by angular steering assisted by the momentum acquired 
by the fall. Flying fish {Exocetus) are provided with 
extended pectoral fins which form aeroplanes, and enable 
them to skim from wave to wave. 
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The Atmosphere.- — ^The elastic medium called air 
forms a sheath as it were around the earth from 40 
to 50 miles in thickness. Air being an clastic fluid, the 
particles thereof repel each other with a force varying 
inversely as the distance of the centre of the particles 
from each other. Therefore the volume and conse- 
quently the pressure depend upon each other. The 
law of altitudes and densities is as follows r — 

Take tke altitudes above the surface of the earth in 
arithmetical progression, the equivalent densities will be 
in geometrical progression decreasing. 

Thus, if at a certain altitude above the earth's surface 
the density of the air be one-half that of the surface 
density, at twice the altitude the density will be one- 
fourth of the surface den.sity. The height is measured 
in these terms by a barometer, which is constructed 
upon the ba.sis that the atmosphere at sea level will 
support a column of mercury 30 in. in height at a 
normal temperature of 64" Fahr. This corresponds to 
a pressure of 14.72 lbs. per square inch. It is necessary 
to consider the barometer as an instrument for measuring 
the height above sea level, and also of external surface 
pressure The usual form of barometer used is that 
known as ' aneroid," the action of which depends upon 
the variation of externa! pressure upon an exhausted 
corrugated cylinder in which nearly a perfect vacuum 
has been formed. An index, reading inches of mercury, 
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feet in height above sea level, and pressure is delicately 
connected to the exhausted cylinder, which expands 
under decreased atmospheric pressure and indicates the 
degrees upon the dial. Air is sensitive to variations 
of temperature, and the barometrical readings have to 
be corrected accordingly. 

At the sea level the air pressure is 21 19.8 lbs. per 
square foot, and the following table shows the decrease 
at different altitudes : — 



Barometer, 
Inches. 


Altitude, 
Feet. 


Pounds, 
Square Foot. 

• 


Barometer, 
Inches. 


Altitude, 
Feet. 


Pounds, 
Square Foot. 


29.5 


351 


2091.0 


20.0 


10,593 


1413-2 


29.0 


872 


2055-7 


19-5 


11,254 


1377.8 


28.5 


1,340 


2013.7 


19.0 


11,933 


1342.5 


28.0 


1,802 


1978.4 


18.5 


12,630 


1307-1 


27.5 


2,273 


1943- 1 


18.0 


13,346 


I271.8 


27.0 


2,753 


1907.8 


17.5 


14,082 


1236.5 


26.5 


3,241 . 


1872.4 


17.0 


14,839 


I20I.2 


26.0 


3,739 


1837. 1 


16.5 


15,619 


II65.8 


25-5 


4,276 


1811.8 


16.0 


16,423 


1 130.5 


25.0 


4.763 


1776.5 


15.5 


17,252 


1095.2 


24.5 


5,291 


1731-1 


15.0 


18,109 


1059.9 


24.0 


5,830 


1695.8 


14.5 


18,995 


1024.5 


23. 5 


6,380 


1600.4 


14.0 


19,911 


989.2 


23.0 


6,942 


1625. I 


13.5 


20,862 


953-8 


22.5 


7,516 


1559.8 


130 


21,847 


918.5 


22.0 


8,103 


1524.5 


12.5 


23,412 


883.2 


21-5 


8,704 


1519.1 


12.0 


23,874 


847-9 


21.0 


9,319 


1483.8 


II.5 ' 


24,984 


812.5 


20.5 


9,948 


1448.5 


II.O 


26,142 


777.2 



The altitude may always be computed from the 
barometer readings according to the formula 

4771 —bx 6.000 X /= A. 
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Where 4771 is 30 log. and d — iog. of barometer reading 
in inches, / being the temperature correction according 
to the following table, and A the altitude in feet. 

TAULt; SHOWING VALUliS OF A DEGREE FAHR. 



H 


'■ 


ll 


'■ 




'■ 


ll 


'■ 


w 


'■ 


H 


'■ 


40 


173 


64 t 


000 


S8 


1.D27 


[12 


1.053 


136 


i.oSo 


160 


1.106 


42 


976 


66 1 


002 


90 


,.02, 


114 


'■055 


'3« 


1.082 


162 


I, .08 


44 


JIS 


68 r 


004 


92 


..03, 


116 


1.057 


140 


(.084 


164 


i.in 


46 


sSto 


70 [ 


007 


94 


..033 


118 


r,o6Q 


142 


1.0S7 


166 


1. 113 


48 


9S2 


72 1 


OJ9 


96 


1.036 


120 


..062 


144 


1.0S9 


168 


1.115 


5" 


9S4 


74 ' 


oil 


9» 


I.O3S 


122 


1,064 


146 


1. 091 


170 


1.117 


S^ 


9S; 


76 1 


°'i 




1.040 


124 


1.066 


(48 


1.093 


172 


:.i20 


54 


98, 


7M ■ 


016 


102 


1.042 


126 


1.068 


i.?o 


1.096 


174 


1.122 


56 


99' 


80 1 


0.8 


,0, 


1.044 


128 


1.070 


'52 


i.«,8 


,70 


1.124 


SB 


99J 


82 1 


020 


■06 


1,047 


130 


■ .073 


154 


1. 100 


178 


1.126 


60 


996 


34 I 


cnz 


loS 


1.049 


I.i2 


1.076 


'56 


I.IOZ 


iSo 


1.129 


63 


998 


S6 1 


024 


no 


1.051 


.34 


1.078 


158 


1.104 


1S2 


1.131 



In this table i is determined by the sum of the 
lowest and highest barometrical readings. A further 
system for correcting inaccurate measuring is given in 
the tables for latitude, &c., in the Appendix. 

Aerial Flotation. — .'\ body immersed in air loses 
e.\actly in weight that of the volume of air displaced ; 
therefore in dealing with such a body as an aerostat 
we have three distinct things to consider ; Jirst, the 
power of an aerostat to rise through the air ; second, 
the velocity of its ascent; and third, the stability of 
its suspension at any given altitude, against the resist- 
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ance due to gravity. The aerostat, pure and simple, 
has an independunt part to perform in all aeronautic 
machines, except the true aeroplanes and aeromotor 
planes, therefore it is worthy a detailed study. Since 
heated or rarefied air as a medium for filling an aerostat 
is not of practical utility in sustained flight of long 
duration, we will not occupy space with the matter, 
assuming hydrogen or carburetted hydrogen to be used. 
PurL- hydrogen (H) (atomic weight r, density i) is 
a colourless, odourless, tasteless gas, and is 14.43 times 
lighter than atmospheric air, consequently it is the best 
medium for filling aerostats. Coal gas or carburetted 
hydrogen is the next best, and varies according to the 
material used and the mode of its manufacture. This 
variation is such as to render the gas, from 10 to 6 times 
lighter than air. 

The force exerted in ascent is the excess of the 
weight of an equal bulk of atmospheric air above the 
aggregate weight of the included gas, plus the gas-light 
envelope and all appendages ; in other words the final 
power of ascent is the difference between the weight 
of the included gas and of that of an equal volume 
of external air, further diminished by the weight of the 
whole apparatus. Supposing the form of the aerostat 
to be the same in all cases, this load, as a resistance, 
as it depends upon the quantity of surface contained 
in the bag or envelope, must be proportioned to the 
square of the diameter ; whereas the difference between 
the internal or external fluids, which constitutes the 
whole of the buoyant force, increases with the capacity 
of the envelope, the proportionate ratio to the cube 
of the diameter. Therefore it is obvious that however 
small the excess may be of the specific gravity of the 
external air above that of the included fluid, there must 
always exist some corresponding dimension which would 
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enable an aerostat to mount in the atmosphere. Aero- 
stats are usually constructed to present a spherical form, 
or an elongated cylinder with hemispherical ends,* 

A sphere i ft. in diameter holds aSt./S grains of 
atmospheric air, and approximately 21.67 grains of 
hydrogen, and the difference is 260 grains. That is 
to say, if an aerostat r ft. in diameter were to be filled 
with hydrogen gas, and the envelope and load together 
weighed 360 grains, equilibrium would be established, 
and it would not rise. But if the envelope and load 
be 100 grains, the buoyancy or flotation value would 
be equivalent to 160 grains. It is obvious that the 
efficient power of ascension, or the excess of the whole 
buoyant force over the absolute weight of the apparatus, 
would, by acting constantly, produce an accelerated 
motion if it were not checked, and eventually rendered 
uniform by the resistance or inertia of the atmosphere. 
If it were not for this resistance the velocity of ascent 
which an aerostat would gain would be in the same 
proportion as a falling body acquires in the same time 
a.s the efficient buoyancy is to the aggregate weight 
of the apparatus and the contained gas. We may 
estimate the final or uniform velocity from the following 
formula, in which D = diamcter in feet, and P ascensional 
power or buoyancy in pounds, and V the ascensional 
velocity in feet per second, or that velocity which causes 
an air resistance equal to the buoyant force or flotation 
value. Then 




-40„ 



JP 



* A " prolate spheroid" afforils the maximuni of buoyaiity with 
the minimum of resistance to the air (see Prolate .Spheroid Table 
in the Appendix), and may be defined as a sohd proceeding from 
an clhpse. 
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and for example, take an aerostat 50 ft. in diameter 
with a force P of 576 lbs. Then the equation becomes 

_40 



V=j5X J $76, or 

4x 24 = ^= 19.2 ft. per second, 

or a mile in 4J minutes. 

The final point to be considered is the stability of 
an aerostat at a certain altitude, at which the forces are 
in equilibrium. 

For purposes of calculation we assume that the 
atmosphere is of the same density as at the earth's 
surface for 26,ocx) ft. — that is to say, homogeneous 
throughout — in order to find the altitude a to which 
an aerostat will rise until the volume of displaced air 
equals the capacity, and is as weight to weight. 

The density at altitude a is ^-^ ci x density at 

earth's surface (d)y where ^ = the base of hyperbolic 
logarithms, and ka constant, ^ equivalent of gravity at 
earth's surface, 32.2.* Then if D = displacement of 
aerostat and adjuncts, and w = weight of aerostat, gas, 
and adjuncts, 

W = D^ X density of air, and 

« 

After the altitude readings are corrected for temperature 
/ and latitude \ g may be corrected also, but since the 
error is trifling, as the radius of the earth is 4,000 miles. 



♦ If the Brigg logarithmic system be used, the result must be 
X 2.3026, being the reciprocal of the modulus. 

B 



r 
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and a is necessarily less than R, it may be accounted 
negligible. 

Taking an example, air being .0S073 lb. per cubic 
foot, and hydrt^en .005592 lb. per cubic foot, an aiirostat 
100,000 cub. ft. in capacity will weigh with the envelope, 
car, passengers, and accessories about 3,000 lbs., and the 
gas 559 !bs. = 3,559 lbs. The air displaced is 8,073 lbs, 
say, and the effective difference 4,514 lbs. Therefore 
the altitude a to which the aerostat must rise, at which 
the capacity weighs 3,559 lbs., is the normal altitude, 
at which the ascending force is neutralised, and vertical 
movement ceases. Then 



Therefore rt = log. 8073 — log. 3559 = 2i,000 ft. About 
half the original quantity of gas has probably escaped 
when this altitude has been attained, unless a suitable 
provision for storing it has been made. Therefore the 
weight 3,559 lbs. is reduced 380 lbs., and about 200 ft. 
is added to the altitude a. Nadar, in his large balloon 
" Lc Gt^ant," used a compensator, or a smaller balloon 
affixed to the neck of the larger balloon, and empty at 
starting, in order that the expanding gas may be con- 
served in the ascent, Green, in 1821, used a "guide, or 
trailing rope," which formed an automatic regulator, 
since when descending the aerostat was relieved of 
the weight, and this increased when ascending. This 
device is also useful as a fulcrum in dirigible aerostats, 
in which .steering is imperfectly effected by sails or 
rudders. 

Boyle's law regarding the expansion of gases is, 
" The density of a gas is proportional to its pressure for 
the same temperature." 

The temperature at various altitudes is variable for 
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many reasons, such as meteorological changes and the 
like. The following formulae are useful for obtaining 
data in respect of expansion of gas : — 

Let P = pressure at 30 in. of mercury. 
t — temperature of gas. 

V = volume of gas at 30 in. of mercury. 

V = volume of gas at any temperature /. 
W = weight of gas at 30 in. of mercury. 
TV = weight of gas at any temperature /. 
/ = pressure at any temperature /. 

k = co-efficient of expansion with each de- 
gree of temperature = .002036° Fahr., 
.003665° Cent. 

(a) p = -P^i + kt\ 
(^) z; = V(i + ki). 

V 



{d)w ^ 



I -\- kt 
w 



I -h kt 

(^) W = Zt/ (l -h kt). 

Hydrogen gas varies with the method of manufac- 
ture, but when made by the decomposition of zinc by 
water and sulphuric acid, and the gas evolved is treated 
with quick or unslaked lime to eliminate the moisture, 
the lifting power is approximately 14.6 cub. ft. to i lb. 
in weight And it may be assumed that 20 sq. ft. of 
varnished silk weighs i lb. In ascertaining the diameter 
and weight of an aerostat, let 

W = total weight to be raised (aerostat included, 

with accessories). 
w = weight of a cubic foot of air = .080728 lb. 
w' = weight of the gas. 
D = diameter of aerostat. 
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Then 



""if 



w 



.5236 {w - w') 

W = D^(W — w') X .5236. 

We may, from the data afforded by the formulae 
given, estimate the proportions of an aerostat to suit the 
conditions of various cases of adaptation, and may pro- 
ceed to describe and analyse the different types that 
have been used for experimental or practical purposes. 




In dealing with the subject of atirostats it is not within 
the scope of this work to detail the older types of 
ordinary heated air and gas balloons, nor the record 
of aerial voyages already well known to the reading 
public, but rather to describe the various improvements 
ofjater date. 

It is unlikely that the aerostat will in the future 
occupy any other position in aeronautics than that of a 
buoyant support for motive power and steering apparatus 
in combination with aeroplanes and acromotors, except 
for military or surveying purposes, therefore we may 
enlarge upon it as an auxiliary appendage in the proper 
place. 

The Serkis-bey aerial machine is a combination of 
an aerostat and a parachute, and when used in the latter 
capacity it may to some extent be steered. 

The apparatus, as shown by the elevation, Fig. 7, 
consists of a light framework of radial rods tii, witli 
strengthening rods attached to a collar e upon the 
central hollow stalk which supports the structure. The 
convex surface inside e is lined or covered by an im- 
pervious membrane which forms the lower part of the 
umbrella- shaped aerostat a, b, c. The outer rim b, c forms 
the supporting hoop g for the car j\ When it is desired 
to descend, the gas is allowed to escape by a valve at a, 
and the envelope when wholly or partially exhausted is 
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inversely compressed by the resistance of the air, and 
acts as a parachute. The cord or suspensory stay /, d is 
then tightened or released, and by thus changing the 
centre of gravity the envelope a^ by c is obliquely inclined, 
and the direction of descent may be guided or steered 




Fig J. 



by a rudder/, /a5 controlled by cords o. If the gas is not 
wholly exhausted, a fresh ascent may be made by throw- 
ing out ballast, and another oblique descent effected. 
This is noteworthy as an ingenious device rather than 
a practical machine. 
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The Gower aerostat is essentially a military machine, 
and is designed to automatically control the elevation, 
and also to release explosives at a predetermined time 
and place. 

The principal feature consists in utilising the varia- 




tion of the vertical length of the ai-rostat as it tends to 
rise or fall, to open the gas valve A, Fig. 8, or ballast 
valve E by cords C and K respectively, and in this 
manner to maintain automatically the desired altitude. 
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A spring S is interposed in order to preserve the tension 
of the cord C, and so to prevent the valve A from being 
operated until the shortening of the aerostat V exceeds 
a certain amount, which can be regulated by adjusting 
the length of C. The discharge of the explosive body 
or other freight K is effected by the release, by a time 
fuse i, of the latch /, thus allowing the rods Ii, ii' to 




F,^9^ 



hinge upwards about v, v' and the suspending rings to 
slide off. Successive discharges may be effected by 
fuses of different lengths, or a number of cases may be 
arranged to be dispersed by the explosion of a small 
initial charge by the fuse. 

The Bate aerostat is simply the adaptation of an 
aerostat to relieve the load carried by an endless rope 
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or chain transport way, and is shown by Fig. 9, Tlie 
aerostat A supports a car c which is provided with 
grips for gripping the moving rope or chain C, and may 
cause the car B to move horizontally, and be stopped or 




Fw/. 10. 

started by operating the grips. THl- ■function of the 
aerostat in this case is to relieve the rojie C of the dead 
weight of the load. 

The Dale aerostat is capable of conversion into a 
parachute, and is shown by the elevation, Fig. 10. 
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The aerostat is fitted with an upper valve A and a lower 
valve li, the valve A being covered on the inner side by 
wire netting, over which is stretched a strip of oiled silk 
or any other impermeable material. When it is desired 
to convert the aerostat into a parachute the strip is 




withdrawn by pulling a cord C ; the gas then escapes, 
and as the aerostat descends the lower half is forced 
into the upper half, li being guided by rollers at D, d' 
along vertical guides F, f'. The lower valve B may be 
opened or closed to regulate the rapidity of tlic descent, 
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since the upper valve A is permanently open when the 
covering strip is wilhdrawn. 

Sir W. A. Fryers has constructed an annular aerostat, 
shown by the elevation, Fig. 1 1, and the part plan. Fig. 12. 
The aerostat A is made in the form of an annulus, so that 
in the case of descending into the sea, the car c may 
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float inside the annulus, which forms a protection against 
the sea. It is preferably divided by partitions a' into 
cells or compartments d, so that if one compartment is 
injured by shot in cases where the apparatus is used for 
military purposes, or similar accidents, the uninjured 
compartments may sustain the car. Each compartment 
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a is provided with a branch pipe and valve t/i terminating 
in a common pipe d. The car C is suspended Trom an 
insulating ring c, which is in turn supported by the 
netting covering the annular aerostat A. A piece of 
waterproof fabric E is stretched across the top to act as 
a parachute when descending. Kor reconnoitring in war- 
time a car is suspended from C by a long cable, so that 
the aerostat may float at a safe height. 



1 




In Glendinning's aerostat, Fig. 13, the aerostat B is 
enclosed by a bag H, into which air is compressed, and 
supplied from a reservoir li in the car C through pipes a, a. 
The pressure is maintained by a pump r. Part of the 
reservoir K is divided so that the gas from the aerostat is 
may be stored, a safety valve (/regulating the coinprcssion 
in order to protect the envelope, the neck d being clo.sed ; 
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a valve v at the top of the bag H enabling the air pressure 
to be regulated. The object of the device is broadly to 
effect regulation of the altitude by increasing or diminish- 
ing the surface pressure upon the outside of the envelope 
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of the aerostat B. The inversion of the bag H may be 
utilised as a parachute in descending. 

Tapscott's combined aerostat and parachute, shown 
by Fig. 14, is devised to support life-saving appliances 



30 AERIAL NAVIGATION. 

clear of the waves when rescuing shipwrecked persons 
by means of a cable and cradle or saddle. A parachute 
A is attached to the top of an aerostat B, and an insulating 
ring c is suspended from the outer circumference of A. 
The ring C carries the cable H, and a double sheave block 
D over which the life lines / and /' are rove. 

Scott's aerostat (Fig. 15) is exactly the reverse of 
Glendinning's, before described, since air pressure is 
applied internally instead of externally. The outer 
envelope of the aerostat A is made of unusual strength, 
and an air bag B is fitted within it, which may be dilated 
or contracted by the manipulation of the pump P in the 
car C, and a suitable releasing valve, thus varying the 
buoyancy of the aerostat. 
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CHAPTER IV. 

AERODYNAMICS. 

Air as a Medium. — Water is as a medium heavy 
and inelastic, and air is light and elastic. In propul- 
sion water presents the maximum of recoil with the 
minimum of displacement, whilst in the case of air the 
conditions are exactly opposite. Therefore in construct- 
ing an acromotor capable of practical work, the peculiar 
nature of the medium in wliich the apparatus has to float 
and to move by mechanical reaction calls for a structural 
form and adaption of motive power entirely different 
from that required upon sea or land. In marine propul- 
sion, a part only of the ship is immersed in the water, 
and being lighter than the medium in which it floats, is 
enabled to use this denser element as a fulcrum from 
which by oars, paddle wheels, screws, or jets, to obtain 
the reaction necessary to move it against the resistance 
of the water beneath and the air above the water line. 
A submarine vessel, when totally submerged, presents 
the nearest analogy to the aeromotor in practice. 

The absolutely perfect aeromotor, the air-ship of the 
future, must necessarily be heavier than the surrounding 
air. We have noted in dealing in a preliminary manner 
with flight in nature, that the organism of such birds, 
animals, and insects are comparatively light in structure 
relatively to their bulk, not as regacds the wing area or 
surface opposed to the air resistance in sustaining the 
body at a certain altitude or propelling it at a certain 
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velocity. We can construct a framework of metal, and 
provide a prime motor, but within our closest limits we 
could not, weight for weight, and space for space, make 
an acromotor upon the scale of the stag beetle (Lucanus 
cervus) with the same conservation of energy and 
mechanical action. 

But it is essential that an acromotor should have the 
weight much in excess of the air displaced by it when 
at rest. The inertia of the mass is indispensable to the 
control and regulation of such an apparatus, so that it 
may be steered and propelled in exactly the same 
manner and with the same facility as a floating ship in 
the .sea. 

Weight. — A simple aerostat cannot be rendered I 

dirigible by rudders or sails, since it is entirely ,sur- I 

rounded by the medium it floats in, and is subjected to l| 

every air current in such a manner as to drift with it. j 

Therefore, as may be seen by a weight-area table ' 

appended, the true air-ship should be of considerable 
weight, should start from a position of rest upon the 
earth by means of its self-contained motive power, and 
this force should propel it in any direction independently 
of any air currents ; and at the same time the structure 
must be of sufficient strength to withstand the onslaught 
of a possible hurricane. All this is within the range of 
modern mechanical genius and engineering enterprise, 
but the one fatal objection stands in the way, and 
subverts the true lines of construction. This is not a 
scientific obstacle, but it may rather be termed 3 pru- 
dential one, and may be summed up by the consideration 
of the fallibility of all machinery, and the absolute 
dependence upon continuous action to prevent a terrible 
catastrophe in case of failure. Therefore, so far as one 
can foresee, the aerostat will always be an accessory to 
the air-ship, unnecessary in the propulsion, and a decided 
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disadvantage in steering, but certainly a safeguard to 
some extent against the worst form of accidents. It is 
only requisite to allow the buoyancy of the aerostat to 
balance the weight of the apparatus, the ascension and 
propulsion depending upon the motive power. 

Flight may be attained by heavy powerful animals 
with a comparatively small wing area, there being no 
established ratio between wing area and weight, but an 
unvarying relation between the weight and velocity of 
motion. The following table shows the approximate 
area in square feet per pound avoirdupois for different 
types of birds and insects; — 
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e/ 

The little experiment illus- / 

trated by Fig. i6 shows the value / 

of weight as a factor in pro- ^' 

pulsion. A cork A, pointed at d-^ 

the lower end, and having two 
feathers a, li obliquely fixed in 
the flattened top, is let fall from 

a point l>, and directly by the force of gravity should 
descend in the direction h, c. But the falling weight 
causes the oblique planes a, d to displace the air, and by 
rotating against the resistance compels A to describe the 
trajectory b, e, d. 

Thus the problem resolves into the relative values of 
weight, power, velocity, and small surface area versus 
buoyancy, small power, slow speed, and extcn^vMe. s\m- 
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face area. No rule can be laid down for establishing a 
basis for construction. Each form or type must be cal- 
culated according to the various conditions that are to 
be fulfilled. 

Wing Movements. — Professor J. Bell Pettigrew, in 
his records of experimental research, gives a theory of 
wing motion which is borne out by practical experiments 
in producing artificial wing flight in exactly the same 
manner in which it is performed by nature ; and Pro- 
fessor E. J. Marey has also by means of the sphygmo- 
graph produced graphic records of the actual natural 
movement. Professor Pettigrew docs not agree with the 
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theories adduced to prove the dilation and contraction 
of the spiral nervures, but holds that the radius and 
brachial nervures are operated from the thoracic articu- 
lation as ball and socket, or universal joints having such 
a combined movement as to cause the margin and tip of 
the wing to describe a figure of 8. Thus the wings 
obtain leverage by presenting an oblique surface to the 
air, the obliquity increasing behind forward and back- 
ward during extension, when a sudden effective stroke 
is given, and decreasing oppositely during flexion or 
slow return stroke. Fig. 17 shows the figure of 8 de- 
"'^ribed by the tip and margin of a wing in the motion 
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of flight. The continuous Hnc shows the extension, and 
the dotted line the flexion. A second line midway 
between the extension full and 
flexion dotted line would indi- 
cate the movements of the tip, 
but it is not shown for purposes 
of clearness. In Fig. 18 we see 
this movement carried out in a 
wave-like direction as in hori- 
zontal flight. Here a, b repre- 
sent the wave crests, and r, d, 
e up-strokes, and f is a point 
corresponding to the anterior 
margin of the wing {radius), 
forming the centre of the semi- 
rotary down-.stroke a. g, and g 
is a point corresponding to the 
posteriormargin(^r(7c/H()/r), form- 
ing the centre for the semi-rotary 
up-stroke d, f. In Fig. 19 the 
diagram shows the mechanical 
action of the muscles, in order 
to spread the wing in extension 
and close it in flexion, the arrows 
showing the direction. 

The fact that the wing is 
both clastic and flexible is a 
necessary factor in considering 
its eflficiency as a means for 
converting energy into useful 
work. The compound semi- 
rotary motion, aided by elas- 
ticity and flexibility, enables the wing in performing its 
functions to twist and untwist by partly vital and partly 
mechanical means, that is to say, partly by a\\^■i>t^^\.■*.\ 
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action and partly by the air resistance, the wing meets 
its own reverse current upon the return stroke which 
materially aids in the progressive flight. 

If the wings were not disposed in such a manner as 
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to have a semi-rotary movement on two axes {i-aHius and 
brachial) with an eccentric stroke, the structure would 
be so cumbrous as to be controlled by the air instead of 
controlling it. 

When the wing descends the bodj- is slightly elevated, 



■ that is, the wing comparatively is active and the body 

I passive. The descending body causes the wings to ele- 

I vatc, the body being active and the wing passive. The 

I muscular force of depression upon the reaction of the 
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compressed air reverses the order. Four wings are most 
suitable for artificial wing flight, two on each side of the 
apparatus, the driving mechajiism causing two to be 
elevated whilst two are depressed. 

Fig. 20 illustrates the action of the wing upon the 
^ir.yiy being the movable fulcra, or air resistance, ^,^' 
power applied to the wing surface, U the body, and x a 
universal joint, in, w' being weights upon extensions of 
p,p'- When the wing ascends at/ the resistance _/" re- 
tards it, and forces B or tc down slightly. The opposite 
resistance/', when/' is on the downward stroke, similarly 
raises U or zu'. 




We come now to the production of winged flight by 
mechanism, to imitate nature as far as possible, and for 
purposes of illustration have chosen experimental sub- 
jects, some of which are capable of development for 
practical purposes, although hitherto made upon a small 
scale for laboratory experiments, Pettigrew's piston 
wing (Fig. 21} is an example worthy of notice, although 
its motion is confined to a single axis, 

A curved wing c, b is supported by the radius « in a 
universal joint, and connected by chains e,/\.o the upper 
and lower crossheads of a piston rod r, r attached to a 
piston s within a cylinder 0, o, two elastic bands itt,u 
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being added, and placed so as to support the wing in its 
normal horizontal position when at rest Air or gas 
under pressure is admitted by suitable valves alternately 
to the top and bottom sides of the piston s^ and the 
reciprocatory movement thereof causes the wing to be 
corresix)ndingly raised and depressed. The wing sur- 
face is strengthened by transverse bars ^, //, /, d between 
the radius and the posterior horizontal member. Another 
movement adapted to the use of four wings isthat em- 
ployed by Walker in his exixjrimcnts. The wings are 
operated from universal or ball and socket joints w, w\ 




shown by Fig. 22, these joints having their centres in 
one plane y^^', and a cranked extension a^ a' upon the 
rolling part of the joint. Each crank a, a' is oppositely 
situated relatively to the other. Two pinions r, c' are 
driven by a central spur wheel d^ the a.xes being upon 
the line //, /. Crank pins upon the pinions r, c drive the 
joints w^ IV by means of connecting rods ^, b\ Thus, 
although the crank pins complete a whole revolution, the 
joints ze/, zu make a semi-rotation only, the dip being 
from forwards to backwards. This is effected by means 
of short links on the line ^^ jointed to the crank pins 
a, a at one end and to the framework at the other. Thus 
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the displacement of air and consequent reaction tends to. 
give a forward and upward movement to the apparatus, 
and the posterior pair of wings, by reason of the opposite 
movement imparted to them, continue the action of the 
first pair. A modification* of this arrangement provides 
for a rapid down and back stroke, and slow upward and 
forward strokes. The spur wheel d is made with two 
diameters, and each of the pinions c, c similarly shaped. 
The larger diameter of d engages with the smaller 
diameter of c when that wheel is effecting the quick 
down-stroke, and the smaller diameter of d is simul- 
taneously driving the larger diameter of c whilst it is 
performing the slow up-stroke of the posterior wing. 
The arrangement is analogous to the quick return 
motion of an ordinary shaping machine. 

In Smythie's system he employs a carriage mounted 
upon wheels, the wings being flapped by a steam or any 
reciprocating motor. The resistance of the air to the 
up-stroke is reduced by making the wings of several 
overlapping parts, and giving the shafts liberty to turn 
in their sockets through an angle of about 35". Each 
wing may be made of a silken or linen web stretched 
between the tapering steel shaft corresponding to the 
radius, and a cord attached to a point just below the 
pin a, Fig. 23, the shaft being held by a pin in a tubular 
socket E. The cranked double lever D has within it a 
circular eccentric sheave with an eccentric strap carrying 
the end of the link F, and centred at d. The ascent of the 
piston rod D pulls up the lower end of D by the links /, / 



* The last described differential gearing was used by r 
operate valvular flapping planes of large area. The a 
valvular surface was found to be a failure, even at low velocities, Ihe 
undulation of Ihe displaced volume of air in no way conforming to 
the disposition and arrangement of the valves. 
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jointed to the crosshead c, the link f pulling down thi 
tube 10 with a very oblique action. The shaft of the 
wing thus turns through an angle of 35° by the action 
of the air. During the descent of the piston in the 
cylinder C the pin a presses the tube E and link K up- 
wards. A flat sail is used as a steering tail. 

The apparatus made by Cornelius (Fig. 24) is 
tu embody the mechanical principles brought into 
in the flight of a bird, and consists in the combination of 



^ 




;i bucly capable of supporting the aeronaut with wings 
and tail of special construction. It i.s intended to utilise 
the atmospheric pressure by "giving to the machine a 
larger underneath or supporting surface than the upper 
surface, and the reacting motion of the atmosphere 
against the action of the wings ; the principal feature 
in realising the latter cflect being that such reaction 
Mhall take the same direction as that in which the flying 
body is to move." In fly'ntl. the wings and tail present 
concave surfaces buckwai-ds and downwards. The body/ 
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is strapped to the aeronaut's back, and may be provided 
with a saddle a. The wings r,r, having ball and socket 
joints c, e, and handles _/^_^ are worked by the arms, and 
the part q of the tail q is spring-jointed at g, and con- 
trolled by a cord and lever worked by the feet. Cords t, i' 
from a flat spring A bent overhead assist the forward 
strokes of the wings r, r, and the elastic cords or springs s 
impart a kind of feathering motion. A similar apparatus 



I 
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may be provided with a motor, and attached to a c 
and aerostat. 

It is not a practical idea to construct a machine to 
carry a man, and to depend upon his unaided efforts to 
produce the required velocity of motion and power; 
apart from the fact that continuous exertion is impo.ssible 
owing to the muscular structure not being adapted to 
the requirements of sustained flight, we must consider 
the actual work dune. Let a man weigh say l^Q It's,, 
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and a specially light machine lo lbs., and the compara- 
tively low rate of velocity be 60 ft. per minute, then 

150+10x60 = 9,600 foot pounds 

and the average work of a man is 

33000 . , 

— --=4,125 foot pounds, 

which is less than half that which is needed. In this 
instance the value of the wings as aeroplanes must be 
depreciated, since the sensitive anticipatory function 
incidental to equipoise, such as obtains with birds and 
other flying anijnals, is non-existent in man. For 
instance, if a perfect mechanical model of a man was 
made in perfect proportion, and the walking movement 
exactly imitated, the body could not for a moment be 
supported upon the area of the soles of the feet Yet in 
nature a man may immediately stand upon one leg, and 
cannot lucidly define the alteration of the equipoise nor 
the stages of its progress. That is because it is antici- 
patory, and man has it in walking perfectly, and a bird 
in flying, but the same sense is imperfect in the bird 
when walking, as in the man when attempting to fly. 
Therefore the basis of the apparatus for artificial flight 
is not to render a man capable of flying, but to construct 
a machine that will fly and carry a man who may control 
it without the necessity for an anticipatory or ultra- 
sensitive function of equilibrium. We do not for this 
reason enlarge upon this type of machine, although 
many have been invented and tried experimentally with 
indifferent success, some being adapted to cycles and 
wheeled frames. 

In Quartermain*s apparatus the wings are actuated 
by an ordinary steam engine in which the steam is mixed 
with the products of combustion. These wings are 
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balanced by springs and arranged to flap together, and 
are mounted on rocking shafts which are on a swivel 
piece, and swivel joints are introduced in the connections 
to the cranlis, so that the plane of flapping can be altered, 
a special arrangement being provided for altering the 
front pair independently of the others for steering pur- 
poses. The wings are curved transversely, and a flexible 
blade runs along the posterior margin of each. They 




Fig.25 



are arranged to swivel through a regulated distance 
about a longitudinal axis, which is nearer the anterior 
than the posterior margin, by which arrangement useful 
effect may be derived from both up and down strokes. 

Capone's machine is shown in plan by the diagram, 

Fig. 25, in which the wings p, p are actuated by crank 

- arms b, b' working in a frame a, and connected by rods c, d. 

They are freely suspended from the arms b^b\s^ \ 
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of rings /, but arc independent of the arms b\ which 
serve merely to regulate their inclination. The rear part 
of each wing is preferably hinged to the main part, and 
works against stops, so that at the commencement of the 
upward movement it has a greater inclination to the 
horizon than the wing itself. The frame a is provided 
with a steering tail ^, and the mechanism is driven from 
any suitable light motor by the wheels r, t. 

Upon reference to Chapter I., dealing with the mem- 
branous wings of insects, we have noted that the longi- 
tudinal nervures each contain an inner spiral trachea, 
and that a theory of vibratory flight due to the dilation 
and contraction of these trachea has been propounded. 




6* Fig.U. 



M. Victor GalHene has experimented in this direction, 
as shown by the sectional view. Fig. 26, in which a is a 
spiral elastic tube representing a trachea, and terminating 
in an elastic ball or air reservoir e. This is rapidly 
expanded and contracted by the vibration of a piston d 
within a cylinder c. Two elastic membranes ^, b' are 
stitched or sewn together in seams, so as to enclose the 
several trachea extending radially from the root of the 
wing, and operated alternately in pairs. Finely tempered 
steel wires of tapering form are used to impart the 
necessary rigidity to the structure. In the experiment 
there were eight cylinders, each operating the corre- 
sponding artificial nervure on opposite wings, four 
nervures to the anterior wings and four to the posterior. 
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The weight of the model was 9.42 oz,, and an inflated 
aerostat attached to the frame had a buoyancy equal 
to S oz., leaving 1.42 oz. to be raised by the wings; a 
small electro-motor with a rocking shaft or beam operat- 
ing the pistons with the requisite progressive alternations. 
The power was derived from eight accumulator cells, not 
carried, but connected by flexible wires. The entire 
wing surface was 1.94 sq. ft., and the piston strokes 480 
per minute. The result was to raise the machine iS in. 







from the bench, where it floated indefinitely with no 

progressive motion due to the mechanical effect, but 

very sensitive to air currents. When screened so as to 

be free from the effect of these currents, the movement 

|, was gyratory around an eccentric axis, which was pro- 

p bably due to unequal balancing. The addition of two 

L more accumulator cells in series had no further effect 

I than to increase the velocity of gyration. Without 

I condemning the theory as absolutely untenable \v$ot\ 
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the result of this experiment, it does not appear feasible 
that the trachea are intended to produce the movement 
necessary for flight, but rather that they stiffen the wing 
at certain periods during its stroke in order to utilise the 
reaction of the air displaced. 

Middleton's wing motion is shown by Fig. 27, in 
which an oscillating cylinder c is mounted upon trunnions 
at t, the piston rod carrying a crosshead a within guides 
g. A connecting rod r couples the crosshead a with a 
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crank pin « upon a universal joint carrying the wing w, 
this joint being attached by its bearings to the trunnion 
t, so that it may oscillate with the cylinder c. A second 
connecting rod r operates a crank shaft at the base of 
the frame, upon which is fitted a flywheel m to secure 
uniformity of motion, and also to maintain the oscillation 
of c, which, in addition to the flapping movement due to 
the rod r and pin n, is necessary to produce the angular 
progressive action. 

In Marshall's apparatus (Fig. 28} a cylinder c is 
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mounted upon a car c by a hollow rigid mast m and 
stays i, /. The wings w, w are jointed to the mast at b, 
and connected at a, a to two piston rods r, r, which are 






r J 



both attached to the same piston head. Upper and 
lower wings may be used, in which case the mast is 
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carried beyond the cylinder, and two pistons arc cm- 
ployed. Steering is cflccted by a pivoted vertical plane. 
In many cases* valves or louvres are employed to 
lessen the resistance during the upward stroke, awd ».■&. 
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example of this arrang[emcnt is shown by Fig. 29, in 
which the wing 7U is mounted upon a ball joint j with a 
crank pin /, and the surface is pierced for valves v 
hinged or freely suspended on the under surface so as 
to be closed by the air pressure on the down -stroke, as 
shown by the section. In actual practice these valves 
are useless. 

A wing motion is shown by Fig. 30, in which a crank 
disc a is rotated by a suitable motor, and connected by 
a connecting rod to the crank pins /, fy the pin / operating 
the ball joint « carried by the frame A, and forming the 
root of the wing %u. The first movement of u is rotary 
until the pin p is stopped by the stop on A, when the 
continuation of the motion is downward, as shown hy y 
in the diagram U, the first movement being according to 
Xy and the result of the whole as s, A spiral spring s 
attached to a prolongation r upon u reverses this motion 
on the return or upward stroke. 

So far we have dealt with artificial wing propulsion 
briefly as according to known experiments, but in treat- 
ing of acromotors or air-ships these and other motions 
will be detailed, since the aerostat, aeroplane, wing and 
screw propeller are frequently employed one with the 
other, or all in combination. 



CHAPTER V. 

SCREW PROPULSION, PADDLES, AND 
AEROPLANES. 

In dealing with the problem of the best mode of apply- 
ing motive power to overcome air resistance, we have to 
consider that the displacement and reaction of a volume 
of air at a given velocity is essential in the first instance, 
and secondly the added resistance of the wind when it is 
opposite to the plane of motion, or as an aid to such 
motion when it has the same direction. 

Air Resistance. — In calculating the resistance of the 
air as a pressure against a plane surface moved through 
it at a given velocity, we may deduce from experiment 
that the air resistance varies as the square of the velocity 
nearly, and to an inclined surface as the 1.84 power of the 
sine X cosine. The conformation of a plane surface makes 
no appreciable difference in the resistance, but the convex 
surface of a hemisphere with a surface area double that 
of the base has only half the resistance, hence the ap- 
proximation of the true shape of the ends of elongated 
aerostats, or, what is still better, the employment of 
prolate spheroids," 

* The resistance tables arc based upon Smeaton's definilion of 
Rouse's experimenls, vii,, an air current with a velocity of 88 ft. per 
minute exerts a pressure of .005 lbs, per square foot on a flat sur- 
face. Dr Hutton shows that the resistance of a sphere is — , that 
of a disc having the same diameter. Sir George Cayley found the 
resistance to a prolate spheroid, whose major axis was three times 

the length of the minor axis, to be —^ that of a circular plate, the 

4. a 
diameter of which is equal to the minor axis. 
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Let P = pressure against plane a area in square feet, 
and V velocity in feet per second. 

Then l» = .002288 rtz/2 = jx)unds per square foot. 

Power. — Having determined this factor, the following 
table will give the relative velocities and jxjwer : — 



Vki.ocity. 


POWKK. 


r 

, Mik> Feet 
, |>er Hour. 1 |>er Minute. 

1 1 


ilor.ve Power 
|>er S<iuare Foot. 


lO 


880 


0.013 


»5 


1,320 


0.044 


2U 


1.7O0 


0.105 


25 


2,200 


0.205 


3" 


2.640 


0.345 


5« 


4.400 


1.64 


75 


0,600 


5-54 


llHI 


8,800 


"313 


«5o 


13.200 


44.29 


JiM 


17,000 


105.00 



(\ilrulatiHl ftiun IIP = .00000000001926 nz^^ varying 
niMily as tho si|uart\ 

Wind Resistance. — When air passes as a wind 
\ \\\\v\\\ into air of loss density, the velocity of its passage 
IM nuas\nx*d by ll^c diflcrtMRc of the densities of the air 
in liutl\ tascs, 

\v\ h tho maxinunn density, and </ the minimum 
drhMitv In huhos \»f mcivury ; and /the temperature in 
doijiroM l'id\UM\hoit at the time of passage, and V the 
v^'KhUv in Iwt jHM sivond. 



I \\\\\ \ \\\ 






+ 0.002088 /). 
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And to calculate I = direct impulse in pounds per 
square foot. 

I mV^X. 006667 where V is knots per hour. 

I mV^X. 005016 where V is statute miles per hour. 

Table of Values of I. 



V. 




V. 




V. 




V. 




Miles 


I. 


Knots 


I. 


Miles 


I. 


Knots 


I. 


Hour. 




per 
Hour. 




Hour. 




Hour. 




I 


.0050 


I 


.0067 


24 


2.89 


24 


3.84 


2 


.020 


.2 


.027 


26 


3-39 


26 


4.51 


3 


•045 

• 


3 


.060 


28 


3-93 


28 


5.23 


4 


.080 


4 


.107 


30 


4.51 


30 


6.00 


5 


.125 


5 


.167 


32 


5-14 


32 


6.83 


6 


.181 


6 


.240 


34 


5.80 


34 


7.71 


7 


.246 


7 


.327 ' 


36 


6.50 


36 


8.64 


8 


.321 


8 


.427 


38 


7.24 


38 


963 


9 


.406 


9 


•540 


40 


8.02 


40 


10.7 


10 


.502 


10 


.667 


45 


10.2 


45 


13.5 


II 


.607 


II 


.807 


50 


12.5 


50 


16.7 


12 


.722 


12 


.960 ^ 


55 


159 


55 


20.2 


13 


.84S 


13 


1. 13 1 


60 


18. 1 


60 


24.0 


14 


.983 


14 


1.31 


65 


21.8 


65 


29.3 


15 


i."3 


»5 


1.50 


70 


24.6 


70 


32.7 


16 


1.28 


16 


1.71 ; 


75 


26.9 


75 


37.6 


17 


1.45 


17 


J -93 ; 


80 


32.1 


80 


42.7 


18 


1.63 


18 


2.16 


85 


36.4 


85 


48.59 


19 


1. 81 

• 


19 


2.41 


90 


40.6 


90 


540 


20 


2.00 


20 


2.67 


95 


44.9 


95 


58.78 


21 


2.21 


21 


2.88 


100 


50.2 


100 


66.7 


22 


2.43 


22 


3-23 , 

1 
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The relative kind of wind accompanying; these 
velocities and pressures : — 





Mile, r,tr Hour. Pou 


d, ptr FoQi, 


Hardly petceplible - 


From 1 to 2 From 


005 to .005 


Jusi perceptible 




2 I" 3 


02 to .04 


Light wiml - 




4lu 5 


08 to .125 


Light breeit - 




6 to 7 


t8i to .2^6 


Moilerale breeiu ■ 




Sto g 


321 to .406 


Fresh bieeie - 




gto !■ 


406 to .983 


Strong hK^e - ■ - 




■ Sto 20 „ I 


13 to 2.Q0 


Moderate gale 




22 to 24 „ 2 


43 to 2.89 


Fresh gale - - 




a6 to 30 „ 3 


39 1" 4.51 


Strong gale - 




32 W 36 „ S 


14 to 6.50 


Hea^y gale ■ 




38 to 40 .. 7 


34 to S,02 


Slorm - . . - 




. 45 to 50 ,. 10 


2 to 13.5 


Great Sturm - 




6010 70 ,. 18 


I to 24,6 


Hurricane - - - 




80 to 100 ,, 32 


I to 50.2 



From the above data the details may be deduced 
by calculation respecting the area, angles or pitch, and 
velocity of screw propellers, paddles, jets, and the lifting 
power of aeroplanes when propelled under varying 
conditions of the air currents. It is obvious that the 
structure of an air-ship or aeromotor must be of sufficient 
strength to withstand the onslaught of a .storm, which 
may suddenly arise before the ordinary precautions can 
be taken, the premonitory signs not being apparent at 
considerable altitudes in the same manner that obtains 
at or near the sea level. For instance, when the earth is 
obscured a fall in the barometer may mean an increased 
altitude, since under these conditions the rapid changes 
of the instrument render it comparatively useless as a 
weather guide. 
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Screw Propellers. — The action of a screw propeller 
as a means of moving a body through air is analogous 
to that of a similar propeller totally immersed in water, 
allowing however for the different degrees of density 
between the two media, and more especially that air is 
an elastic medium, and water is comparatively non- 
elastic. 

The work done in propulsion is due to the reaction 
of a volume of air projected backward.s, which must be 
equal to the air resistance at the given velocity of pro- 
pulsion. There occurs a negative quantity termed slip, 
which is approximately S = p — rf where r — length of 
pitch, and rf= distance advanced in one revolution, then 
S = slip in feet or other terms of measurement of P and d. 

Unless the volume of air displaced be of infinite 
quantity, the slip is a necessary factor. 

In calculating the proportions of a screw propeller, 
before type and form arc considered, the first problem 
is : What is the best proportion between these and the 
volume of air displaced ? Or in other words, the proper 
ratio of diameter and pitch, with a constant or varying 
velocity. It may be borne in mind that the weight of 
a prime motor generally varies inversely as the speed 
in revolutions per minute, and the energy of reaction of 
displaced air r varies as rXV\ Thus the propeller area 
which will propel an air-ship with a given slip ratio is 
directly as the air resistance and inversely as the square 
of the speed, and at such moderate speeds as arc attain- 
able, the same propeller area will overcome a given air 
resistance with a given slip ratio, and areas varying 
directly as the squares of the resistances. At high 
velocities the slip ratio increases with the given pro- 
peller area. 

The ma.\imum of efficiency is not obtained by ex- 
tending the area of the propelling plane to minimise 
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the slip, but the slip angle that gives the maximum. 

The value of ^ ( = Jxxx>4y) which gives the maximum 
efficiency is the same whatever be the actual pitch angle. 
The speed rule is (exclusive of slip) — 

V = velocity in miles per hour. 

P = pitch of propeller in feet. 

R = revolutions per minute. 

88 v 



Then R = 



P = 



P 
88 v 



R 

v = :!:!i 
88 

The pitch of screws varies as the ratio of the area of 
the disc or circle described by the tips to the area of the 
air-ship affording resistance to the air through which it 
passes, />., the maximum sectional area.* 

In the Case of Two Blades. 

Ratio of disc to section is I to ■ - 6.o 5.0 4.5 4.0 3.5 3.0 2.5 
Ratio of pitch to diameter of disc is I to 0.8 1.02 i.ii 1.2 1.27 1. 31 1.4 

And if Four Blades are Used. 
Ratio of pitch to diameter of disc is I to 1.08 1.37 149 1.62 1. 71 1.76 1.89 

The area depends upon (a) the shape or type of pro- 
peller ; (d) the situation of it in the air-ship or aer9motor ; 

* Haussmann gives as the best proportions for air screw pro- 
pellers, the angle to be from iS** to 23° pitch = diameter x 1.333, the 
latter being for three blades, which he considers to be a preferable 
arrangement to one or two blades of large area, or four blades of 
less area. This prevents the double displacement of the volume 
of air, and the consequent loss of power by subjecting the surface 
area to air in which the density is increased by displacement, and 
to which the maximum velocity is already imparted. 
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(c) whether it is shrouded or not ; and {d) how many 
propellers arc used. 

Fig. 3 1 shows in the side elevation A and end elevation 




Fi^.31, 



B the evolution of Rennie's screw propeller from Erichsen*s 
original adaptation of a double helix (Fig. 32). Rennie 





Fig. 32. 



adopted an inverted cone as a basis of construction and 
modifications of these types. 

Sir George Cayley made many experiments in the 
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application of an clastic screw propeller for aerial pro- 
pulsion, but did not go beyond laboratory practice. 

In Fig. 33 is shown one of his acromotors, which, 
although a toy, serves to mark a distinct advance in the 
progress of this branch of science. Two corks c, c are 
connected by light cane rods a, a', and a wire hook e' is 
rigidly attached to c. A similar wire hook e passes 
freely through c, and is fixed to a cork d carrying two 
vanes or feather.s w, w forming the blades of the pro- 
peller. An elastic band l> is stretched between the hooks 




e, e', which may be wound up by twisting the propeller 
on d in the opposite direction to which it is to travel. 
When released, the tension of b causes the propeller to 
revolve rapidly in the right direction, resulting in a short 
aerial flight of the apparatus. Cayley further duplicated 
this arrangement by adding a reverse propeller to the 
hook e. 

Various types of elastic propellers have been con- 
structed upon the lines of Erichsen or Rcnnic, such as 
that shown by Fig. 34, in which the blade is built up of 
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thin metal sheets or laminre n superimposed upon each, 
and slotted to freely receive a stud d attached to the 




Fig, 3^. 



Fig. 35. 



preceding plate, in a similar manner to the building up 
of a coach spring. 



I Henderson's propeller (Fig. 35) has a triangular boss, 

I and the blades a are tangential to the boss at thck lln^ 




^S 



AKRIAL NAVK;ATI0N. 



of attachment f>. The sections of each blade a parallel 
to the edges follow regular parabolic or hypobolic curves, 
and the lines or edges b are in planes parallel to the axis, 
and the other edges are perpendicular thereto. 




Fig 37. 

\\\ Vv^. 36 is shown Vogclsand's propeller, in which 
tlio hliulos aa^ arranj^cd c<]uidistantly around the boss, 
or in pairs, each IxM'ni^ similar to the one diametrically 




^ ^\ rr^ A- 



I 
"to 



opposite, hilt has its leath'ng and trailing^ cdg^es reversed 
ill (lirtH lion to, hut similar in curvature to, the trailing 
and loaih'n^ cd^os of that on cither side. They are 
allornatcly bent back and forward in the plane of rota- 
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tion, so that the water is thrown away from and towards 
the hub alternately. In the example shown, the blades 
may be made intefjral with the boss, but the design is 
equally applicable if they are bolted on. One edge of 
each blade may be straight, or partly straight and partly 
curved, and the other in the form of an ogee ; and the 
pitch may be uniform or variable throughout the blade. 
The tips may lie in different planes, but the roots must 
lie in approximately the same plane. 

Boisset and Mercier's screw propeller is shown by 
the elevations, Fig. 37, and the corresponding cross 
sections. Fig. 38. The efficient maximum width is 
estimated at one-fifth diameter at a point three-fifihs of 
its length from the bo.ss. The pitch is six times the 
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diameter, and the maximum inclination of the blade at 
the tip about 64°. The edges of the blades from ^ to ^ 
are straight, and project beyond the boss, and the edges 
from ^ to ^ pnd from d' to c' arc curved, while the tips 
are straight. Near the boss the propeller is convex, and 
becomes concave about the middle of the length, and 
straight near the tip, while the angle it makes with the 
axis increases from the boss outwards. This form of 
propeller in its revolution drives the displaced air toward 
a point in the axis about twice its diameter to the rear. 
It is preferable in practice to obtain the highest effici- 
ency by using two propellers of opposite hand, arranged 
tandem- wise. 

Fig. 39 illustrates Williams' propeller, in \vhicK tj^s. 
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distinguishing feature is that the blades are so con- 
structed that the pitch increases uniformly from the 
periphery to the axis, where it is infinite. 




Fig. 40. 

Alexander's flexible propeller is shown by the side 
and end views, Fig. 40. A tubular Z frame ab is 
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mounted upon an axis d, the ends being connected by 
a strong but light wire stay c, the blades e being attached 
to abc^ and made of thin elastic sheet metal, or of fabric, 
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and suitably curved. The device is not a true propeller, 
since it cannot be properly pitched, but as a light elastic 
impulse appliance in air it has some merit. 

According to Furaud, the proper method of construc- 
tion of propellers for air displacement is to set out a 
series of concentric cylinders as shown by Fig. 41. The 
concentric cylinders erf, i/"have a common axis ab, which 
is also the centre line of the propeller shaft. Upon each 
cylinder is described a helix glii of given inclination, 
f being the pitch equivalent of the periphery. The 
surfaces between this and the axis arc filled in to corre- 
spond to the curves set forth by the helices. 
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Schmidt uses a shrouding which has inverse blades 
and may revolve oppositely to the propeller proper, or 
may be stationary. This is shown by the end view, 
Fig. 42, The ordinary screw propeller h revolves in 
the direction of the arrow, and is enclosed by a ring k 
with vanes or blades m inclined in a contrary direction 
to those upon the propeller h. The ring k and propeller 
h are revolved in opposite directions at the same angular 
velocity, and the object of using k is to utilise tlie energy 
of the displacement of air caused by h. 
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In Fig. 43 a propeller blade witli "gliding lips" is 
shown, the invention of Mr W. Child. These lips are 
formed upon the leading and trailing edges of the blade 
as indicated by the dotted outline on the end elevation 
and cross sections in the figure. The circumference of 
the boss at its greatest diameter is equal to the pitch 
of the screw, and the contour is such that upon cutting 
it by a scries of et]uidistant planes |x.'r|]i.'ndicular to the 
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axi.s the ciulosed an-a diminishes as the rear end of 
the biws is apiiriiachwl, on account of its increased 
sixe. Thi.s form of proixjllcr is particularly adapted to 
uncltwiug rings or easing, both fi.ved and movable. 

AiiotlKT instance illustrating enclosed propellers is 
that t.r Sti.r/. shown by Fig. 44, The propeller boss a 
U i-omi NUiUi vdy massive, and of considerable diameter 
relativi-ly to the curved blades b, and revolves in a 
tiartlullv closed ca.siiig .■, so that the skin or frame d 
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of the atrial machine is tangential to the boss a. The I 
direction of the arrows indicates the direction of the air I 
current. It has not yet been deduced from experiment 1 
or demonstration that a real gain is offecled in the work 




done by a propeller by enclosing it peripherally in an 
immobile casing. It is an undoubted advantage to 
obtain the full value of the reaction thrust. 

This has more or less been provided for by Vogelsang, 
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as shown by Fig. 45. Here, in front of the propeller b, 
revolving on the shaft j, ajid concentric therewith a 
portway mounted upon a bracket, and contracted at the 
central cross section c, so tliat the air displaced by the 
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revolution of the projieller b may, in rushing through the 
contracted portway, set up a reaction which materially 
assists propulsion. 

The difference in the density and behaviour of dis- 
placed air in the case of effecting propulsion by screw 
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propellers relatively to water as a medium has given 
rise to the inception of various kinds of screw to produce 
the required effect with due regard to the elasticity of 
the air. Some inventors rely upon a rigid structure, 
carefully plotting the curves comprised in the blades to 
displace, and at the same time to utilise the comparative 
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solidity due to the reaction of the mass. Others, again, 
depend upon automatic adjustment according to the 
air resistance against some form of elastic spring, in 
some cases applied to otherwise rigid blades, and in 
others adopting an elastic structure for the blade itself 
upon a boss which is immobile except for its revolution 
upon its axis. 

The construction of a screw propeller in which the 
face of each blade is a portion of the surface of a cone, 
the axis of which is inclined to the 
surface of the shaft, is shown in set- 
off by Fig. 46. The pitch lines b^ c, 
^1 ^> /> S> ^1 i ^'■G the intersections of 
the conical surface with cylinders 
concentric with the axis an of the 
propeller, the relative angles being 
shown as from 0° to 180°. This type 
is generally known as the Adams 
propeller, and may be formed with 
semi-elastic blades of sheet metal 
pressed into shape by inverse tem- 
plets constructed upon the lines set 
down in the diagram. Another type 
of semi-elastic propeller is that of 
Pennington and New (Fig. 47), in 
which a radial rib of steel b has a 
heavy curved head c forming the 
periphery of the propeller and also acting as a fly-wheel. 
The surface or web a of the blade may be made of thin 
sheet metal, wood, or with edges of semi-elastic, light 
material, and filled in with fabric of some suitable 
texture. 

An example of the mobile type of blade is that of 
Heathorn. The propeller blades -j shown by Fig. 48 
are mounted upon a hollow boss upon a shaft 
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oppositely at c, c and common to both opposite blades. 
Stout elastic bands y of rubber, or steel springs, tend 
to maintain by their tension the cranks r, c in close 
proximity to fixed pins ^, which are coupled to the 
cranks by the bands or springs y. The blades v thus 
resist the angular inclination in rotation automatically, 
and adapt such inclination as may be induced by the 




FiffAS. 



Velocity. It is i>hviinis that a considerable loss of power 
n\iisl ivsult from an ii\dcfinitc angle and variable pitch, 
ivspiviull)' in the case i>f high veliKitics. 

K(Ui\urs prt>polltT is t>f the multivanc type, and is 
fihuwn by tho two views, lMg» 4<> A number of helical 
hlulivs ♦*, hy s\ nf <uo uttacluHl to a large boss B on the 
iihiilt K \\\ \\\\\\\ tho sin^w |>i^>|K^lcr ; the outer edges of 
thciio \\\i,\y W frtv» or aix* attachetl to a conoidal ring or 
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hoop de. Curved surfaces/.^, H, and /, »«, are fixed to 
the shaft K, one on each side of the propeller, to deflect 
the currents of displacement to the blades, and re- 
combine them so that all the energy due to reaction 
may be utilised in propulsion without undue shock due 
to intermittent impulse. 

Paddle Propellers. — The use of paddles in aerial 
propulsion is not broadly advocated for the reasons 
that as a means of displacing air and utilising the 




reaction of the induced currents, the necessary high 
velocities cannot be sustained effectively, since the 
feathering motion of the paddles, an essential function, 
at all times attended with considerable friction in the 
moving parts, is retarded by the action of centrifugal 
force upon the fulcrums of the vanes. This is negligible 
at low rates of speed, but as high speed is indispensable 
it is a decided disadvantage. An open paddle with 
radially fulcrummed vanes is impracticable m\lss'i \.'na 
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leverage upon tliK axis is varied considerably during 
its rotation. That is to say, an ordinary feathering 
paddle wheel must be partially cased, or if the wheel 
is open the feathering action must be modified so as 
to reduce the radius of the leverage. Two examples 
are shown illustrating both methods. First, Oetling's 
J paddle, shown by Fiy. 50. 




H In this dcvici; the wheel revolves in a partially open 

W casing n, and the vanes ^, c are pivoted upon the arms, 

I anc 

I for 
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and are feathered by turning them once about their axes 
■ two revolutions of the wheel. This is ac- 
complished by means of two eccentric cams rf, e, into 
which the inner ends of the arms / are directed alter- 
nately hy tongues _f, // engaging in the grooved cam 
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paths. The openings in the casing a may be r^ulated 
by suitable doors. In Martin's wheel, shown in elevation 
and plan by Fig. S'l the blades are pivoted at d to 
a revolving boss c, and carry riding irons ^, //, which ride 
on a camX and shift the blades from the right hand in 
which they make their down-stroke, the propelling 




position, to the left hand, or idle position, in which they 
make the up-stroke. 

Jet Propulsion. — Many inventors have sought to 
effect aerial propulsion by pressure jets, of steam, gases, 
or the reaction of explosion. The point at which the 
jet issues, a nozzle, for instance, is of small area, so 
that the area of displacement is also small where the 
maximum pressure is available by impact to produce 
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motion. The fluid issuing from the nozzle at a high 
prcssun? expands as an inN-citcd cone of which the apex is 
the orifice. The volume thus increases and the pressure 
diminishes in in\-er5e ratio, thus the effective work done 
may be estimated by the displacement of air in pro- 
portion to the \x>Iume of the cone at the mean pressure 
in a gi\-en period of time. If the pressure is derived 
directly from a steam generator, it is a wasteful method 
of utilising the initial cnergj* ; and if from a storage 
reservoir, the waste is greater, since power has to be 
cmpKnxil to store gas under pressure. The system is 
e\iu%iUy mcfficient when surfaces are added to utilise 
the onor^\* of reaction, whether with single or multiple 
Uixtzles. It is cquix-alent to an attempt to convert 
a gun carriage into a liKomotivc vehicle by employing 
the oner\:[y i^f the rcc\^il due to successive discharges as 
a nu^iive |x^\ver. Therefore, among the many recorded 
Init unsuccessful cxivriments in this direction there are 
none to which we can refer in detail.* 

Aeroplanes. — Probably the lifting power of a kite, 
and the pull oxortcil ujx^i the cord, originated the idea 
i>f a piano surface suitably inclined so as to rise when 
a forwani nimoment is im^varted to it, and maintained 
during the flight. It has been amply demonstrated 
that a suitably ilcsignctl aeroplane will rise in the air, 
and cany its K\ul, but ni> oxtendcil flights have hitherto 
Ihvu accoinplish<.Hl There is, in such a machine, a 
t ousidorablo inert mass which is unavoidable, and thus 



* The only way in which a jet can be uscil with any degree of 
riVu iiMU Y, i^ to employ it within a trum|XJteil casing so that it may, 
U\ Ms initial \oUh iiy, set up a lesser veltxity in a larger volume of 
WW whu'h n^ay apprei iahly iTai t ujhmi the surrounding atmosphere 
lo { i\\\M^ nuUion. The analoj^y in this case is that of the steam 
IMonnuif^ e)erioi,and not that of the oft-quoted H.M.S. IVaterwUch, 
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when once in the air, at the mercy of every variation of 
the wind currents, the maintenance of equilibrium must 
be automatic, involuntary and anticipatory as it were, as 
in the action of a man standing or walking, or a bird 
soaring. This attribute is yet in the future, so far as 
mechanical action is concerned, whether automatic or 
under human control. The larger motive aeroplanes 
have been provided with a railed track, to attain the 
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required velocity previous to actual flight. An upper 
rail restrains the tendency (o premature ascent. No 
provision has been made as yet for descent in the open 
country or elsewhere, nor is the direction of motion 
capable of being diverted far from the point from which 
the wind is blowing. We shall presently find, when 
dealing with the construction of an air-ship which alone 
renders aerial navigation possible, that the aeroplane, if 
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impracticable as a means for flight used alone, is a 
valuaUe accessory to the air-ship. 

Before entering into the subject of the aeroplane 
and its de%-elopment, it will be well to consider the 
action of the wind upon an inclined surface at rest 
Referring to the diagram, Fig. 52, let a be an inclined 
surface at rest, r the wind pressure, w a suspended 
weight, and 9 angle of inclination to the wind, and / 
pressure of wind per square foot at normal, »>., if the 




surface was directly opposed to it instead of being 
inclined. Then the resultant pressure per square foot 
on the oblique surface P is — 

^ l+cos^fl 
and/ = .005©^ in miles per hour, 
or/ = .0023ii- in feet per second. 
So the value of the lifting power upon w may be cal- 
culated if the area of the plane a is defined in square 
feet or the weight of w in pounds if it is raised. 
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M, Pinaud carried out many experiments in motive 
aeroplanes, one of which, a toy, is a modification of 
Sir George Cayley's device shown by Fig. 53. An aero- 
plane w and tail vane t are attached to a frame a, between 
the ends b. b' of which is stretched a twisted rubber band 
e, which, when wound up in tension, rotates a propeller 
/, affording a .sustained oblique flight. 

Mr Wenham devised a raultivaned aeroplane, in 
which the lifting vanes were superimposed upon each 
other similar to a set of bnokshclvcs. This doubtless 




has developed into the "box" kite in use for military 
purposes. Stringfellow improved upon this apparatus 
in 1868, adding motive power and screw propellers, and 
his machine is illustrated by Fig. 54. The planes a, a\ a' 
arc superimposed as in Wenham's device, and the 
generator and motor b fixed on the lower plane a", the 
propellers r, c revolving through spaces formed in a', 
which also carries the prow and tail vanes. The total 
weight was only 12 lbs., inclusive of the water required 
to generate the steam, although the power developed 
was 1.3 H.P. A trial took place at the Crystal I'alace 
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under the auspices of the Aeronautical Society of Great I 
Britain, and Mr Stringfellow obtained an award of ;^ioO I 

on account of the lightness and efficiency of the motor 1 
apparatus. The apparatus ran upon an extended wire, 
and although the machine travelled at a high rate of 1 
speed, it did not leave the wire. 

Henson at the same time made a large aeroplane I 




r shown by Fig. 55, in which the horizontally extended 
planes a, n were 40 ft. from end to end. A cigar-shaped 
car rf carried the motive power apparatus for operating 

I the screw propellers c and also the aeronaut. Steering 
was effectetl by a tail vane l>, and broad-tj'rcd wheels 
were fitted below the car to carry it while the initial 
velocity was attained previous to ascent, and also to 
facilitate landing when descending. This- made several 
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flights of 
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flights of short duration, but was generally a 
the reasons we have previously explained. 

In Crease's aeroplane the lifting planes are merely J 
adjuncts, the actual lifting being accomplished by screw j 
propellers with vertical axes. This device is shown by 
Fig. SG, in which an aeroplane a has a light framework ] 
covered by fabric. A deep keel z supports a tubular i 
platform or car rf having a hollow base e for storing the 
liquid fuel or gas under pressure. Two motors _//' oji 
the platform d drive a vertical shaft ^ which transmits 
the power by means of a spur wheel ^ and pinions to 
two propellers 6, over which two orifices are formed in 
the fabric of the aeroplane for the emission of the dis- 
placed air. A stern propeller // controlled by clutches 
_;',/ affords horizontal propulsion, and steering is effected 
by changing the position of the balance weight m as 
shown by the dotted lines. 

Sir Hiram Maxim has carried out extensive experi- 
ments in dirigible aeroplanes, and in the course of 
developing his ideas, has been successful in producing 
effective motors and generators of extreme lightness and 
portability, which will be noted under the head of Motive 
Power in a succeeding chapter. 

In one of Maxim's machines (Fig. S7) the aeroplane 
u is trussed and stayed with wires, and covered on both 
sides with fabric, which is stretched tight on the under 
side, and is perforated for the air to pass through, so that 
the weight is supported by the top surface. The lifting 
planes N are arranged step-wise as shown, and made 
long and narrow, and in some cases hollow to form a 
surface condenser, and are supported by bowed tubes O, \ 
carrying the exhaust steam and condensed water. The I 
motor L drives the propeller M by steam pressure from J 
a generator G. A vajxiriser M is connected to a suitable j 
burner T under the generator G. The whole is supported. J 
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when at rest upon wheels W, and steered in flight by sail 
rudders /fixed on pivots to B, fore and aft. 

In another machine, constructed by Maxim, and 
shown by Fig. gS, the main aiiroplanc a is pivoted upon 
a vertical support ^ carrying a car 6 mounted upon 
wheels/; and the inclination of a may be adjusted and 
regulated by suitable ropes, pulleys, and a winch. Wings 
may be attached to a to which a downward motion is 
automatically imparted by the impact of the wheels / 




upon the earth in descent, the arms ^ being connected 
to drums s for that purpose. , Light screw propellers e 
are rotated by engines driven by the pressure generated 
in a boiler or other generator c, a chimney £" carrying 
off the products of combustion, pipes tn conveying the 
vapour or gas under pressure to the engines. A supple- 
mentary condenser of the flat film type is added to the 
tubular framework, and by its structure may form part 
of the sustaining planes of the apparatus. 

Sir Hiram Maxim has further modified his aeroplane 
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in the manner shown by Fig. 59, in which the machine is. 
supported in the air by two large screw propellers, one 
upon each ai^e, driven by nearly vertical shafts. One of 
these screws C' is shown in the elevation. It isfour-bladed, 
and is of small pitch. The shaft b is slightly inclined 
from the vertical in a forward direction, and is driven by 
the four-cylinder steam or gas engine D. The blades of 
the screws are stayed so as to automatically diminish the 
pitch as the air pressure below them increases. The 
leading edges of the screws C* are stayed to a fixed 
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collar C^ upon the shaft b, and the rear edges to a sliding 
collar a attached by a spring s to the bearing collar, and 
controlled by a hand wheel i. The frame is mounted upon 
three wheels //, the leading and trailing wheels being 
adjusted in height by means of hand wheels c, c". In 
addition to the large screws already described, the 
machine also carries two smaller screws y,/*, one in front 
and the other behind. These are mounted with their 
motors g, g' on trunnions, so that the screens may be 
either lifting, lowering, or proixilling, and are prefer;tbly, 
like the lifting screws c', made of a light metal frame- 
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work, and covered with strong fabric. In starting the 
machine it is run forward upon the wheels until llie 

screws c' exert their effect in lifting the apparatus, and 
act in the manner of aeroplanes or wings. The loose 
collar a and spring s admit of a feathering action by 
presenting the least surface in front. Rolling is counter- 




K acted by the automatic action of a weighted [lendulum 

■ which cuts off the motive fluid from the engine on 

■ the rising side, and giving a full supply to that upon 
I the lower side. Fore and aft balancing is efltcted by 
I a sliding platform controlled by a hand wheel. The 
ft motors D have four cylinders arranged in pairs opposite 
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one another and driving cranks at iSo°, so that with a 
four-stroke cycle an impulse is obtained every half 
revolution. The motors are preferably driven by acety- 
lene, which is stored in reservoirs k and mixed with 
about -jV by volume with acetone or acetic ether to 
produce a mixture which can be kept liquid at a lower 
pressure than acetylene alone. The tubular framing may 
be utilised as a condenser. 

Beenen follows this mode of construction in the 
apparatus shown by Fig. 60. Two cars E, e' are used, 
the former for passengers and the latter for carrying the 
motor M (not shown). A lifting screw F and horizontal 
propelling screw f' arc adapted to the frame, and driven 
by suitable gearing by the motor. The machine is 
steered by means of a fan or propeller s. The shafts of 
the lifting and propelling screws F, f' may be inclined so 
as to allow the screw f' to assist in lifting, the collar u 
being adjustable around the quadrant g. The screws 
F, f' are constructed with a hollow conical centre,^/', and 
a ring of vanes made concave on the pressure side are 
pivoted in radial bearings. The inclination of these 
blades / can be adjusted by rods / Joined to a sliding 
collar //, the [xisition of which can be regulated by a slid- 
ing collar //, rod k', and handle within a suitable quadrant. 
Wheels r and runners o are provided to facilitate move- 
ment upon the ground in ascent and descent. 

Davenport constructed an aeroplane shaped like a 
bird, the body being the car, and carrying the motive 
power apparatus. The wings were rigidlj' attached to 
the body, and of great superficial area. The wings were 
strongly made in two layers superimposed with a space 
intervening. The lower surface was of open framework, 
carrying a number of fans with vertical axes, and driven 
by the motor through bands, or rope gearing. The 
upper surface was slotted and provided with valves, ^t 
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close intervals, which closed automatically by pressure 
underneath, but freely opened under top external pres- 
sure. A large tail vane effected the vertical and hori- 
zontal steering, and the mode of progression was to 
ascend vertically, and glide forwards and downwards, 
and this process being repeated, propulsion was effected. 
The aerocurve is a formation of the aeroplane proper, 
in which the latter is stepped into a series of curvilinear 
surfaces, derived from a cissoid, the upper or passive 
surface being parallel to the asymptote thereof. It is a 
complicated and somewhat expensive mode of construc- 
tion, but when the opposing angle is between f and 15** 
at a velocity of %% ft. per minute, the retardation due to 
the shape and angle gives a lifting power of .00397 lbs. 
per square foot, and proportionately according to v^. 




In dealing with the subject of motive power, we must 
bear in mind that the construction of any motor, {gene- 
rator, and storage apparatus must afford the maximum 
of effective power at a high rate of speed, and the 
minimum of weight. We may divide the various types 
suitable for the purpose under the following heads, viz., 
vapour engines (explosive), such as petroleum and other 
internal combustion motors ; steam engines (water or 
spirit vapour), generators, electric motors and accumu- 
lators, and motors operated by compressed air or gases 
stored in reservoirs. 

Fuel, — In the first place, we may compare the value 
of fuels as adapted for storage, consumption, and appli- 
cation to aerial navigation. Coal and solid fuels are 
not adapted to close storage, and the calorific power is 
far below that of liquid fuels. The three units of heat 
now in use are the B.T.U. (British thermal unit), being 
the amount of heat required to raise i lb, of water i° 
Fahr. This unit is in ordinary acceptance in this 
country, but to facilitate general research we may give 
the equivalent values of the P.C.U. (pound Centigrade 
unit), the amount of heat required to raise i lb. of water 
I ° Cent, and the cal. which is the amount of heat reo^wtd 
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to raise i kilogram of water T Cent The conversion 
factors are — 



ivert B.T.U. 


into F.C.U. 


X 0.555 


„ B.T.U. 


„ Cal. 


X 0.252 


„ P.CU. 


„ B.T.U. 


X 1.8 


„ P.CU. 


„ Cal. 


X 0.3423 


„ Cal. 


„ B.T.U. 


X 3.968 


„ Cal. 


„ P.CU. 


X 2.921 



The combustion of a hydrocarbon occurs when the 
temperature is sufficient for the heat evolved to produce 
luminosity, and complete combustion takes place when 
the highest point of oxidation is reached. Incomplete 
combustion is shown by unconsumed by-products, and 
the escape of the gaseous residue at a low degree of 
oxidation. For instance, the by-products should consist 
only of water and carbon dioxide (COg), and the result 
of inefficiency is the presence of soot as a solid carbon 
by-product, and free hydrocarbon or carbon monoxide 
(CO) as a gaseous by-product. 
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The following table shows the values in B,T.U. of 
various fuels and constituents, upon the basts of Pullen's 
calculations : — 



SulidUquidorCu. 


h 

r 


■fi 


^1 

li 


si 

S 


MoUicular 
Weight, 


B.T-U. 


Air - - - 
"Carbon 

Carbon dioxide - 
Carbon osiiJe 
Coal gas 
Hydrogen ■ 
Nitrt^en - - 
Marsh gas - 
Oleftant gas 
O^reen - - 
Steam, JI2° 
Sulphur 

Sulphur dioxide - 

retioteum, rcfmed 

crude 


11-97 

14.01 
'5.96 


.0809 
10S.7 

.1225 

.0784 

■033s 

.0056 

.0784 

.O44S 

.0784 

,0896 

■05 

.127 

■ '792 
S2.6I 
54-3 


■^377 
.2411 
.2164 
.2479 

3-404 
-2440 
.5929 
.404 
.2182 
■475° 

.20Z6 


-1690 

■IS35 
.1758 

2.414 

■ 1730 
.4701 

.156 
■34. 


CO,.43-9 
CO.27.9 

H,.2 

N,j28 
CH..is,9 

O...31.9 
n,0.i7-9 

5^63.9 

S.O.62-9 


14,540 

4.370 

: 7,800 
61,260 

26,403 

2I,3W 

4,OOQ 

22,000 
30,000 



• This applies to approximately pure carbon — graphiti 



Petroleum in most of its many forms has theoretically, 
wcij^ht for weight, 33 per cent, higher evaporative value 
than the best steam coal. Its useful effect is 15 per 
cent, greater than that of anthracite, which is the best 
known kind of steam-raising coal, since petroleum can 
be reckoned as 75 per cent, efficiency instead of 60 per 
cenL So, to sum up, petroleum may, wev^Vvt, fo^ •weA.'^\^, 
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be practically considered as from 63 to ys P^"" cent. 
higher than the best coal. 

The following table shows the comparative values of 
[Jetroleiim, fuel, and coal : — 



„.. 




„„. 


Poul^s Wa«r 


Uest steam ooal - ■ ■ 


,.380 


i4,uz 


12.16 


Refined pelroleum 


0.928 


17.832 


17.10 


Caucasian heavy crude 


o.9,{B 


20,SS0 


17-JO 


Caucasian li{;hl - 


0.SS4 


M,oz7 


22,79 


American crude ■ 


0.SS6 


20,736 


2i.+S 



Therefore we may assume that for purposes of aerial 

navigation liquid petroleum fuel will be preferably used. 
Generators. — The requirements of the equipment of 
an air-ship demand the maximum amount of power 
with the minimum of weight, therefore the tubular form 
of construction appears best to meet the circumstances. 
A relatively small and continuously injected volume of 
fluid and a restricted steam space renders the generator 
rather a rapid high-pressure gas producer than a steam 
boiler. Sometimes a volatile liquid is employed, the 
boiling point of which is less than that of water, and the 
tubular structure of the frame of the aerial machine is 
utilised as a surface condenser, with an auxiliary con- 
denser if necessary. The disadvantages are in the 
difficulty of efficiently packing the glands and stuffing 
boxes of the moving parts, the vapour being extremely 
rare^ed, and permeating (redy what would be a steam- 
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tight joint ; and the leakage is also attended with danger, 
as ils admixture with atmospheric air is highly explosive. 
If, on the other hand, absolutely pure or distilled water 
is not maintained in the circulating system, scaling takes 
place to the detriment of the tubes, and the nature of 
the construction does not allow of any cleaning process 
but by the use of a chemical solvent, which is in itself a 
source of degeneration. 

We can, within the limited space afforded, only give 
examples of the best generators suitable for the purpose, 
making no comparisons advocating or depreciating any 
particular design. 

Maxim's generator is shown by Figs. 6i, 62, and 63. 
The medium may be water, or gasoline or other liquid 
hydrocarbon that is volatilised at a low temperature. 
This is supplied through a feed pipe k to the boiler g, 
leading through a chamber y*, pipes B, k^, /^, a chamber^, 
and pipes k^ to the bottom of a central chamber from 
which it forces by induction the re-condensed vapour 
into the heating pipes h^ above the heater «^, «^, w*. The 
vapour passes from the annular pipe h^ through tubes h* 
into the annular space between the chamber // and the 
central chamber /, from whence it passes to the latter 
chamber tangentially through suitably formed orifices ^■^ 
Fig. 62, to chambery'*, pipes /, /^, /^ to another chamber^, 
from which it passes to the engine by the steam pipe m. 
The tubes /(* are connected to the pipe h^ and chamber h 
by specially constructed unions, consisting of a conical 
screwed nipple //', Fig. 63, and a corresponding nut A'. 
The tubes «S «- and deflectors n* of the burner are made 
of nickel or an alloy of nickel and iron. The supply of 
gas or vapour is regulated automatically by the boiler 
pressure or by the temperature, the latter of which acts 
by the expansion of water in a chamber /, forming an 
annular jacket to k. The heating surface in this type of 
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generator is very great, and consequently the liquid and 
steam spaces are restricted, requiring a constant fei;d. 

Another generator, preferably for water produced 
steam pressure, is shown by Figs. 64, 65, and 66. It 
is the combined result of several inventions, and there- 
fore cannot be classed as a distinctive apparatus. It 
consists of an outer shell A, at the base of which is a 
hydrocarbon vaporising chamber E provided with a 
number of Bunsen burners F. A number of tubes ^ are 
fitted with specially constructed tee unions c at each 
end, so that a uniform fluid circulation may be obtained 
from the inner to the outer ring of tubes. Central tubes 
n pass through the middle of the outer tubes, and also 
through the unions c, and these form the outer tubes of 
the Bunsen burners K, the heat from combustion passing 
through and heating the inner surfaces of the tubes a, 
and being diverted by diaphragms or baffle plates (not 
shown) passes downwards, thus heating the outer surfaces 
of the tubes i before passing to the atmosphere by the 
orifice/ The system is kept full of fluid by a constant 
and regulated feed at D, the steam passing from 1/ to a 
steam reservoir or holder u, from which it is taken to the 
engine by the steam pipe c. Thus the annular capillary 
space e between each inner tube a and outer tube d pre- 
sents a large surface for heating a comparatively small 
volume of fluid. The liquid hydrocarbon fuel is supplied 
under pressure to E by an inlet i. The drawing. Fig. 65, 
being to a larger scale, illustrates the arrangement of the 
two tubes. 

Another form of generator designed by Maxim is 
-shown by Figs. 67 and 6S. This consists of a lai^e 
number of thin metal tubes A of small diameter, con- 
nected with larger tubes a' forming headers or water 
chambers, and arranged in tiers as to the upiier part, but 
entirely surrounding the furnace at the bottom. The 
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tubes are furnished with ribs or wings A* for facilitating 
the transfer of heat. The headers A^ are divided so that 
the water which is forced in by pumps follows a sinuous 
course from the cooler to the hotter portion of the 
furnace, and finally delivered into a steam drum C com- 
pletely vaporised. The capacity of the generator is 
sufficient for effecting a few strokes of the engine only, 




and the circulation of water is provided for by the 
exhaust, which is condensed and used continuously. 
The generator is heated by liquid or gaseous fuel, which 
with the water is supplied by a combination of pumps in 
predetermined relative proportions. The burners, shown 
detached in section by Fig. 67, consist of a series of 
perforated tubes D into which the fuel is forced along 
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with air by an injector m', of which the fuel ; 
valve v^ is controlled by a thermostatic regulator. The 
air is admitted through openings in the casing at D*, and 
the fuel after passing through a heat vaporiser is forced 
through the injector nozzle D^ by a pump. The thermo- 
stat i.s fixed within the steam drum C, and consists of a 
closed tube ^ containing a suitable hquid, and com- 
municating by a pipe ^ with a diaphragm ir'. The 
valve V' is operated by the movements of the diaphragm 
^ against a coiled or spiral spring. 

Barbe's heater is shown by Fig. 6g, and is designed 
for liquid hydrocarbon fuel with any kind of generator 
having a large heating surface. The liquid enters by 
the pipe e and is vaporised at the centre of the burner, 
and passes in regular quantities through the injector C, 
controlled by the valve v, to the spiral tubular burner/" 
which is perforated. A lamp or any suitable device is 
employed for igniting the jets. 

Internal Combustion Eng:ines. — These may be 
defined as engines in which the liquid hydrocarbon is 
vapori.sed within the engine, the supply being regulated 
with a corresponding air supply, forming an explosive 
compound when ignited by an electrical high-tension 
spark or heated tube. Hydrocarbons of low-flashing 
points are preferable in point of economy, but there are 
legal restrictions as to storage and transport in respect 
of public safety generally which militate against their 
use. From the heavier petroleum products we get a 
wide range of hydrocarbons, as the following table will 
show, the normal paraffins being specified. 
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Definition. 


Symbol and 
Boiling Point. 


Nature. 


Methane • 
Ethane 
Prophane - 
Butane 
Pentane - 
Hexane - 
Heptane - 
Octane 
Dodecane - 
Hecdecane 


CH4 Gaseous 

CgHg ,, 

QjHj, ,, 
C4H„ 1° 

C.H„ 70° 
QH,. 99"" 

c,n,8 124° 

C,.jIIj, 202° 
C,.n„ 278'> 


- Gas. 
Gas. 
Gas. 
Solvent for resins. 

»i >» 

Illuminant and 
motive power. 

Motive power. 

Vaseline. 
Paraffin wax. 



Benzol, C^H^, is obtained either synthetically by heat- 
ing acetylene, C^Hg, to nearly a red heat, or by the de- 
structive distillation of coal. Its boiling point is 80.5**, 
and it is frequently used as a liquid fuel, either alone, or 
in combination with other hydrocarbons. 

The internal combustion oil engine, therefore, takes 
the liquid hydrocarbon, vaporises it by heat, mixes the 
air, compresses and ignites for an impulse to be given. 
There are many kinds of vaporising devices, which may 
be distinguished as — 

(a.) Hydrocarbon liquid injected into a reservoir 
chamber, and mixed with the proper air supply therein 
by a spray, before admission into the cylinder. 

(d,) Liquid injected into a small chamber with part 
of air supply, the rest of air entering the cylinder by 



96 Ai-'RIAI. NAVIGATION. 

another valve. Therefore the contents of the vaporiser 
are incxplosive until after admission to the cylinder. 

(c.) The same as (a), except that no air-spraying 
nozzle is u.scd. 

(rf.) The liquid is injected directly to the combustion 
chamber, and there vaporised, and air is drawn in by 
the piston through a separate valve, and mixed in 
compression. 

The Homsby-Akroyd engine is constructed upon 
this principle, and although in practice this engine gives 
excellent results, the piston area is relatively large, pro- 
bably by reason of the imperfect admixture of gases. 

When considering the calorific values of liquid hydro- 
carbons used in this way, we must note that in the 
exhaust a volume of water is produced by the union of 
H and O, according to the weight of the percentage of 
hydrogen in the mixture. This amounts to a little over 
I lb. weight of water per pound of liquid hydrocarbon. 
The heat thus carried away must be deducted from the 
computation of the thermal value of the fuel. 

There are many light motors of this type now in the 
market, but we can point out amongst them a few of 
the best adapted for the purposes of aerial navigation. 

The Daimler engine, shown in section by Fig. 70, is 
of the two-cylinder vertical type. The liquid hydrocarbon 
is forced into the float chamber F by pre.ssure applied to 
the reservoirs containing it in bulk. When starting the 
motor the air is pumped into the reservoir, but after 
running for some little time, a part of the exhaust serves 
to keep up the necessary pressure. Either ignition tubes 
heated by a lamp or electric spark ignition maybe used. 

On the down-stroke a slight vacuum is formed in the 
cylinder A. The valve E is held in place by a spiral 
spring, is operated automatically, and when open allows 
air to enter through the grating C and along the hori- 
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Kontal pipe to K, and by thi:nce to the cylinder. At the 
same time the liquid hydrocarbon is sucked through the 
nozzle at II, and miny;les with the air in the cylinder to 
form the charge. On the up-stroke the compressed mi.K- 
ture is iynited at C, and a fresh impulse imparted to the 
piston a, and the exhaust released by the exhaust valve at 
E being actuated by a " hit-or-miss " striker worked by a 
cam J. The cylinders are water-jacketed at B. The con- 
necting rods d, b' and crank c are shown in position. The 
Diesel engine is an improved device, since the charge of 
hydrocarbon is not introduced until the full charge of air 
has been compressed sufficiently in the cylinder, so as to 
be ignited directly the addition of the hydrocarbon com- 
pletes the mixture. A corresponding test of a 20 H.P. 
Daimler engine by M. Holbertand 2oH,l'. Diesel engine 
by Frofes.sor Schorter shows the relative efficiencies. 

Daimler 20 H.I', engine — Diameter of piston, S. 5 in. ; 
stroke, I3 in.; speed, 2cx) ; brake horse-power, 1G.9; in- 
dicated horse-power, 24.S ; petrol, .053 lb. per I.H.I'. 

Diesel 20 H.P, enginc^Diameter of pi.ston, 9.8 in. ; 
stroke, 15.7 in.; sf^eed, 163 revs.; brake horse-power, 
18.84; indicated horse-power, 26.31; consumption of 
hydrocarbon per I.H.P,, 0.40 lb. 

The Keelcom motor, with its special spray carburettor, 
is another excellent tyjK of engine, having automatic 
action, and especially adapted for aerial navigation. The 
motor is shown in section by Fig. 7 1 , and the carburettor 
by Fig. 72. 

Referring to Fig. 71, « is the cylinder attached to the 
neck of the crank chamber b by screws c. The crank 
chamber h is made in two parts, and held together by 
bolts. The piston is shown by e, piston rod f and Its 
fulcrum g, and the crank pin //. The cranks and fly- 
wheel discs / are secured to the crank shaft / by nuts 
f- and locking plate _/-. On one end of the crank shaft 
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H J the driving pulley / is fixed by a key and nut in, the 
V other end of the shaft carrying a pinion « gearing with 
a wheel o of the half-speed gear of the ignition device. 
To the wheel a is fixed a cam /, operating the stems ? 
and r of the exhaust valve. The combustion chamber s 
contains the inlet valve t and exhaust valve ;/, v being 
the spiral spring controlling the exhaust valve. The 
inlet port is shown by w, and jt is the combustion port 
to the cylinder. On the outer end of the shaft carrying 




the half-speed gear wheel a is fixed a cam y which 
operates the contact breaker s forming part of the 
electrical ignition a'. The carburettor is shown in 
section by Fig. 73. A float chamber a contains a float 
f>, through which passes the needle valve c, the latter 
being held off its seat by the counterbalances (/. The 
petrol inlet d^ is covered by the wire gauze strainer e, 
andyis the spraying nozzle, ^^ the atomising cone, /i the 
mixing chamber, i the hot-air inlct,y the suctiou tc^>\- 
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lating port, and & the connecting neck, i being a nozzle 
and cap for cleansing purposes. 

These engines are compact, and work well and 
economically at high rates of speed, but as yet no 
certified test has been made. The choice of a suitable 
motor depends upon lightness relatively to power, and 
the comparative weight of fuel to last a reasonable time. 

Electrical Motive Power. — There are scores of 
light motors of high efficiency especially adapted to 
aerial propulsion, but the storage of electrical energy is 
up to the present time prohibitive on account of the 
great weight to be carried, and the absence of con- 
venience for re-charging except at certain places, unless 
accumulators of sufficient capacity for an out-and-home 
charge are provided. This may be obviated if a system 
of aerial navigation was once established, because every 
city or town of any importance would have a special 
charging station. It must be remembered as a set-off 
to the weight of the accumulators that no intermediate 
gearing is required between the electric motor and its 
work, since the propellers may be proportioned to the 
speed, and this again regulated within certain limits 
according to the design and winding of the motor. 

In calculating electrical power we take E to be the 
potential or electro-motive force, and C the current or 
How in amperes, using simple phraseology. Then 

E X c = w 
where W means work or electrical energy in watt.s. 
Then 

= E.H.P. ^electrical horse-power). 

746 ' 

Assuming then that 10 E.H.P. is required for five hours, 
say at an E.M.F. of 120 volts and 63 amperes. 

jQ gm p _ I20EX62C _ 7460 

7,V6 Td,6 
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Then as each accumulator cell is equal to 2 volts, 60 
cells of the Hfjhtest pattern are required, and these 
weigh, inclusive of the electrolyte (sulphuric acid diluted 
I to 11), 68 lbs. each, or .^,080 lbs. or 2 tons with 
accessories, and with ig plates will give a discharge of 
300 ampere hours. Compare this with the steam or 
hydrocarbon engine, taking a mean of the former at 
0.9 lb. [XT horse-power per hour, and 0.8 lb. per horse- 
power per hour for the latter. When an efficient sub- 
stitute for lead of much less weight is found to produce 
the same storage effect by electrolysis, electricity will 
be found to be the form of energy best suited to air 
propulsion, but no advance in that direction has hitherto 
been successful. 

But in cases where several propelling shafts are to 
be driven by the prime motor or engine, and these have 
their axes arranged in several planes, no more efficient 
intermediate gear can be devised than a dynamo 
generator driven by the engine shaft, and operating 
motors to rotate each propeller independently. In this 
respect, light, compact, and efficient propelling mechanism 
may be made by the proper utilisation of electrical 
energy. 




CHAPTER VII. 

STNUCTUliE OF AIR-SHIPS AND MATERIALS. 

WriEN we review the march of scientific knowledge 
and practical development that renders the elements 
subservient to advancing civilisation, we cannot see a 
single instance in everyday life that has not been built 
up of failures. The fast express trains, ocean grey- 
hounds, telephony, telegraphic systems, and the thousand 
and one improvements that contribute to our daily wants, 
owe their origin not to one, but to many inventors. 
Some are in advance of the time for the actual demand, . 
others fail, others concentrate all their mental energy 
on this failure, and master it, to fail in some other 
point. And so the wheel of time rolls on ; new brains 
with better auxiliary appliances come upon the scene, 
and at last man is the conqueror, and the result is then 
merely competitive as to details and efficiencies, the 
basis of success being attained. The inventors who, 
if they failed individually, contributed to the grand 
attainment collectively, their names are recorded in 
sand. We have reached a stage now in aerial n.aviga- 
tion in which engineering skill and forethought can 
suggest the best structure for lightness and strength, and 
more especially the materials best suited to the purpose. 
Models. — Working models arc delusive unless they 
are made for a practical purpose in a practical manner. 
Of what use would a model of an automobile omnibus 
car he if made exact\y to sca.\c aud abciut tlic size of an 
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automotor tricycle. The true demonstration would 
be to bnild the tricycle as a tricycle, and suitably equip 
it as such. Suppose a model was made of a large ocean 
liner 60a ft. long upon a scale of \ in, to the foot, say 
y'gth full size, and to demonstrate by that model what 
could be done upon a larger scale. Here the model 
would be 12.6 ft. in length, 1.9 ft. midship beam, with 
a depth of 2 ft. Here the low-pressure cylinder of one 
of the twin screw engines would be 2.75 in. in diameter, 
and the high-pressure cylinder 0.87 in., and the boilers 
and fuel spaces equally useless, although strictly to scale. 
Would it not be better to consider the model as a launch, 
engine it as such, and demonstrate it as a successful 
launch, but not as a sample of what an ocean liner forty- 
eight times its size should be. As a matter of fact, the 
ocean liner is far more efficient than a small launch. 
' could be. 

I The wa.ste and leakage incidental to machinery and 

I friction do not increase proportionately to the size and 

i power. Therefore, if an air-ship be made to carry two 
persons, it should be clearly understood that the calibre 
and structure are suited to such a load, but a ship to 
carry one hundred persons would be a specially con- 
structed apparatus, not following the lines of the first 
with proportionate dimensions. Let the demonstration 
be regarding the model, if so considered, that two persons 
can be carried by vertical and horizontal propulsion 
through the air at a certain speed, and it is fair to 
suppose that a more efificicnt apparatus may carry one 
hundred persons, the whole structure being designed 
i with that object alone. 

I An automobile car may be correctly defined as a 

substitute for animal power for drawing loads and 

I passengers. It is, however, obvious to the merest tyro 

that to adapt the mechanical power derived from the 
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motor to a set of artificial legs is not to efficiently cany 
out the rc()uired object. Therefore our siibstiHite takes 
the form of wheels mechanically driven from the axis. 
A continuous rolling motion is sustained by the motive 
power, resulting in progression upon the surface of the 
ground against the resistances of a load and of traction, 
in contradistinction to the pedaneous movement of 
animals. No analogy can be instituted between these 
mechanical functions, except in that the same duties 
are fulfilled in both cases. Aj;ain, the propulsion of a 




ship is in no way analogous to the invisible darting 
movements of the bonito or the dolphin. We do not 
intend to assert that wings are not suitable to the 
mechanical movements derived from motors, but that 
such a mode of artificial (light must, to be effective, be 
supplemented by the screw propeller. Some engineers 
h.ivc pronounced against the possible use of wings upon 
the grounds that the strains and stresses set up by un- 
balanced forces in the application of sufficient power 
to effectively act upon the comparatively large surface 
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would prove immediately destructive to the apparatus, 
A reference to Fig. 73 shows that the forces need not 
be unbalanced if the vertical motion is produced and 
sustained by the wings, partly flapping, and partly as 
an aeroplane, the horizontal progression depending upon 
a propeller or propellers. 

Let w, iw' be the wings, Jointed at the fulcrums x, x\ 
and p a pinion driven directly by the motor, and gearing 
with two spur wheels s, S^ of equal diameter, c, c^ is a pair 
of opposite cranks on s, and d,tP a. similar pair on s', the 
latter effecting the downward stroke, and that of S the 
corresponding upward stroke. The wings arc linked to 
the connecting rods r, r^, r^, t^ by means of plate links /, P, 
and the surfaces are plain or may be valvular, opening 
upon the up-stroke and closing upon the down-stroke. 
As a lifting and soaring mechanism this has a greater 
efficiency per square foot per H.P. than a rotating 
propeller or set of propellers, yet for horizontal pro- 
pulsion the latter is without doubt the best mode of 
utilising power. 

Adverting to the subject of sensitive equilibrium, it is 
obvious that a large air-ship is less sensitive than one of 
smaller calibre, in the same degree as an eight-oared 
outrigger is to a yacht. The control is not necessarily 
anticipatory, it becomes a method of steering, and can 
be automatically effected by a suitable gyrostat. Also 
while an aerostat forms part of an air-ship, the equilibrium 
is more easily maintained. 

The aerostat, without departing from the range of 
foresight incidental to common-sense, will not eventually 
form any part of the structure of the practical air-ship. 
The want of confidence in entrusting life and property to 
suspension in an unstable clement by reliance upon the 
fallibility of mechanism will keep the aerostat for some 
time until security is assured, and the cotvtcPR^t biatvi. qS. 
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familiarity prevails. It will not disappear at first, but 
will be used to render the comparatively heavy structure 
more buoyant, and so will die away by degrees, unless 
used for towage, and the flotation of loads. 

The steering of an air-ship is an important feature 
bearing upon its general structure. The steering has 
not only to be operated from side to side, but also up- 
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wards or downwards. The only effective rudder is 
shown by Fig. 74 in plan and cross section, x being a 
gimbal fulcrum, and the dotted outlines the directions of 
motion. 

The area of each plane should be one-third that of the 
total area of the ship. The steering may be better con- 
troWcd bysmall electro-motors o^)crating worms or endless 
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screws and toothed quadrants, the current being dcrivi 
from a small dynamo-generator driven from the shaft' 
of one of the propelling motors. A pair of two-way 
switches may thus constitute the steering board, upon 
which will also be fixed the aneroid barometer, mag- 
netic shielded compass, thermometer, hygrometer, and 
clinometer. 

Sir Hiram Maxim has adopted such a pair of rudders 
to one of his recent aeroplanes, Fig. 75, which it may not 
be out of place to describe fully in connection with the 
tail vanes or rudders li. The frame is built up of two 
main side trusses a, «', a'-, /r', a", and the framcworli is also 
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provided with tubular struts, braces, and guys, and «^ 
and rt* are extended above a* so as to allow of the 
suspension of pivoted auxiliary wings or vanes, as at a^. 
Longitudinal stays or wires support the main aero- 
plane n. Tail vanes or rudders B arc pivoted at each 
end of a*, and tied together by crossed wires i, and 
are operated from the platform by cords and winch, 
or a piston and cylinder. Means are provided for the 
adjustment of the inclination of the aeroplane. Two 
.screw propellers of light and elastic formation, e, are 
driven by twin engines operated by pressure derived 
from a steam generator g of ^cuVm coTk=.'WM,OCva\v. "Wsi 
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medium is the vapour of gasoline or other easily volatil- 
ised fluid, which may be condensed after exhaustion by 
the cx|xisure of the surface of the tubular framework to 
the atmosphere, from which it is returned to the generator 
by the feed pumps. The platform or car i.s supported 
by wheels when upon the ground to facilitate the ascent 
and descent. 

Having thus considered as far as possible the general 
details, we may deal with the structure of any air-ship, 
taking the suitable materials and application of them in 
due order. 

Framework. — We see, since the adoption by the 
public of cycles and autocars to such an extent as to 
create a separate branch of manufacture, that tubular 
frames have reached the highest point of efficiency, 
which is the attainment of the maximum of strength 
with the minimum of weight. 

The " modulus of rupture " is eighteen times the load 
that is required to break a bar i in. square cross section, 
supported at points i ft. apart and loaded in the centre, 
and the following table gives the values in tons per 
square inch, according to Rankine and Clark's tests : — 

Sleel luhe 20 (o aS 

Wrought-iron bar - - - - - 20 to zi 

Riveled tubes, plale iron - - - 13 lo 15 

riale beams - iS to zo 



Wood^Red pine 

Spruce lii 

Teak - 
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Fig. 76a. 
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And the corresponding weights of drawn steel tube, 
suitable for framework, are here tabulated according to 
pounds per lineal foot per gauge : — 







Thickness 


OF Metal in Parts op 


- AN Inch. 
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Inches. 
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Tff 
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4 
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.098 


.21 


.5 


•9 


1.3 


1.9 


2.5 


3.1 


3-9 


3 


.118 


•3 


.7 


I.I 


1.6 


2.3 


2.9 


3.8 


4.6 


i 


.178 


.4 


.83 


1-4 


2.0 


2.7 


3.5 


4.3 


5-3 


§ 




.46 


I.I 


1.6 


2-3 


31 


3-9 


4-9 


5-9 


1 




•54 


1.2 


1.9 


2.6 


3.5 


4.5 


5.5 


6.6 


I 




•7 


1.5 


2.4 


3.3 


4-3 


5-5 


6.7 


7.9 


li 




.87 


1.8 


2.9 


3.9 


5.2 


6.4 


7.8 


9-3 


n 




I.O 


2.1 


3-3 


4.7 


5-9 


7.4 


8.9 


10.6 


2.0 




1.4 


2.8 


4.3 


5.9 


7.6 


9-5 


".3 


13.2 



In polygonal framing, in order to determine the 
character of any strain, we will suppose AB and AC (Fig. 
^6) to be any two bars of a frame. Produce the lines AB, 
AC, to D and E. Let a represent the direction of the load if 
it passes in any direction between B and C, or d if it passes 
in any direction between D and E, c if between E and C, 
or d if between B and D. Then a will be in compression 
on AB and on AC, and b will be in tension on AB and AC, c 
will be in tension on AB and in compression on AC, while 
d is in compression on AB and in tension on AC. The re- 
sultant strains may then be computed in numerical value 
by constructing a parallelogram of forces, as Fig. ^6a, 

Let AB and BD be two forces, strains, or loads, be 
measured off to any scale according to the known value. 



STRUCTURE OF AIR-SHITS. Ill 

and the direction in which they tend. Join DC and AC 
parallel to AIJ, UD. The diagonal Bc then represents the 
resultant, in direction and value when scaled off corre- 
sponding with Ab, BD. 

Castings. — For lightness and strength all joints for 
framework should be made of one of the aluminium 
alloys of either of the following grades :* — 
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26. s 
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3-J 
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30 
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77.5 
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3^.356 


41 
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71.0 


27-5 


41.952 
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1.2s 


70.0 


2S.0 


35-059 


25 





2-5 


70.0 


^7-5 


40.9S3 


2S 





I.D 


57-0 


42.0 


6E.Z18 


^ 





'■15 


55. S 


48.0 


69.520 


4 


° 



* A binary aluminium alloy containing 7.5 per tint, of tunysten 
has recently been put on ilie market, gives a tensile strength of 
15 tons per square inch, the specific gravity being 5.58. A tern- 
ary alloy, Wolframinium, contains 9S per cent, aluminium, 1 per 
cent, tungsten, and 1 per cent, copper ; specific gravity 2.74, 
tensile strength wrought 15 tons per square inch, cast in chills 
12 tons, rolled or drawn 22 tons. Romanium contains i per cent, 
tungsten, I per cent, nickel, and the specific gravity is z.75. It is 
harder and possesses greater elasticity than the former alloys, and 
lakes tooling better than Heroult aluminium. 

Magnaliuin. — This is an aluminium-magnesium-aniimony allny, 
tensile strength 14 tons per square inch, specific gravity 2.S2-fo.o3. 
It may readily be integrally joined by soldering or. semi fusion, 
analogous to welding, and is in great demand in Germany in auto- 
mobile car frames. 
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The first compositian shows the best result, and 
its weight per cubic inch is 0.2873 lb. In casting it 
flows well, and gives a sharp clean casting, and is 
best made by adding the aluminium to the copper 
after the zinc has thoroughly melted and combined 
with it. 

Aluminium solders may be made by melting 20 parts 
of aluminium and adding So parts of zinc, and when 
both are mingled add some Russian tallow, stir with an 
iron rod before casting into sticks. The flux is 3 parts 
copaiba balsam, i part Venice tur[Jentine, and half a 
teasjXKjnful of lemon juice. 

I'or blow-pipe soldering the following is the best 
composition: — 

Aluminium - - - - 20 parts 

Copper - - - - - 10 „ 

Tin - - - - - 60 „ 

Silver 10 „ 

Zinc - - - - - 30 „ 

Bearings, — The most important bearings are the 
thrust bearings of the propeller shaft. These should be 
made so as to run in an oil bath, and have thin radiator 
plates cast around it to dissipate the heat generated 
by friction. If the thrust be upwards, as in vertical 
propulsion, the outer shell of the jacketed casting 
should be cast with lugs on it to which may be attached 
the carrying stays, strong spiral springs being interposed 
to prevent excessive vibration, and to neutralise shocks. 
A guard plate with a collar on the shaft should be added 
above the thrust bearing, with separate stays to prevent 
accidents if the thrust should give way. The pressure 
on the thrust bearings may be estimated at 60 lbs, per 
square inch. 
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Tlic external diameter of the collars should be as 
D+n 0.23, and the number of collars proportioned 
directly to the load w in pounds, A being the total 
bearing contact area of the collars. 

A = -:- and — = area of 
60 n 

one collar, n being the number. 

The ordinary high-speed engine bearings have a 
pressure of 200 lbs. per square inch, and the length 
should be 04.3 to r)6 for shafts from 3 to i^ in. 
diameter, and 03 as a standard from 3 in. diameter 
upwards. 

Shafting. — The diameter of mild steel shafting in 
inches is calculated from 

D = 5 "^'ii!. where V = 
V 

revolutions per minute. This formula shows that the 
greater the velocity, the less torsional strain is imposed, 
and hollow shafts resist torsion better than solid ones of 
the same area. The weight w in pounds per lineal foot is 

J£' = D^X 2.647 

and for hollow shafts the lesser diameter is deducted — 

w = u- X 2.G47 — rt^ X 2.647. 

The distance between bearings where no work 
taken off the shaft, /' being in feet — 

(''=5 " Ji>^ {[> in inches). 

Wire Stays.— Wire rope and single strand stays 
are best made of Delta metal. No. i alloy, since by the 
following comparison the tenacity is good actot Ax'n.'i, \si 
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test, and since a smaller diameter may be used to resist 
a greater strain than is the case with iron or steel wire, 
with the further advantage of being non-corrosive under 
atmospheric changes, it may be used for aeroplane, wing, 
and rudder rigging. 

A comparative table gives the tenacity in tons per 
square inch : — 

iLr-,»«i * Tenacity in Tons 

^^^^^' per Square Inch. 

Delta metal, No. i - 48 

Delta metal. No. 2 - - -41 

Manganese steel - - -38 

Nickel steel - - • - - 34 

Aluminium, i per cent, bronze - - - 35 



The weight of Delta metal is 0.3236 lb. per cubic 
inch, therefore the weight is 

D^ X 9.24 X 0.3236 = w in pounds. 

Wood. — In the construction of air-ships a certain 
quantity and quality of wood must be used, and there 
are various kinds suitable for special purposes, among 
which we may instance : — 

As/if for elasticity, but not good for weather alterna- 
tions. American varieties are best. 

Beech. — The white variety admits of thin division. 
I Wych Elm, — Especially suitable for steam bending. 

Rock Elm {American), — Closer grain, and better to 
work. 

Oak. — Durable in exposure to weather ; light, hard 
grain, but works well. On account of the tannin con- 
tained, it must not be used in contact with iron. 

Plane {Sycamore). — Works well, very durable. 
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Willow. — Suitable for friction pieces — brake blocks, 
sheaves, &c. ; the weight per cubic foot being given in 
order to facilitate calculation. 



Wood. 



Ash 



Beech - 
Wych elm 
Rock elm 
Oak - 
Plane - 
Willow 



Specific 
Gravity. 

• 


Pounds per 
Cubic Foot. 


800 


50 


690 


43-12 


570 


3562 


671 


41.93 


872 


54.5 


623 


38.93 


486 


30.37 



Aeroplanes and Aerocurves. — When these are made 
of fabric, yacht duck may be employed if a broad mesh 
about 8 in. pitch of No. 18 S.W.G. Delta metal wire is 
used on the back surface against the pressure. The ends 
of the mesh should be twisted and soldered around the 
bolt ropes or wires forming the hemmed edges. The 
weight of a square foot of undressed duck canvas is 
.0512 lb., and fine sail canvas is .0678 lb. per square foot ; 
pegamoid, .1032 lb. per square foot; sylamoid (deterio- 
rates rapidly when subjected to heat), .0785 lb. per square 
foot. For gas envelopes undressed Tussore silk weighs 
.0175 lb. per square foot, dressed .048 lb. Urtalaine, a 
fabric made of Rhea fibre, similar to silk, but weight for 
weight of less tenacity, .03986 lb. per square foot dressed. 
Calico, dressed, .0598 lb. per square foot. 

If sheet metal, such as aluminium, be used, the 
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following table gives the weight per square foot in 
pounds, relatively to the gauge : — 



B.W.G. 


Thickness, 
Inches. 


Pounds per 
Square Foot 


B.W.G. 


Thickness, 
Inches. 


Pounds per 
Square Foot. 


28 

27 
26 

25 
24 
23 


.015 
.018 
.020 
.021 
.025 
.028 


.20 
.24 
.27 
.28 

.33 
.34 


22 

20 
18 
16 

14 
12 


.029 

•035 
.048 

tV 

.080 
.109 


.39 

.47 
.68 

.83 
1.07 

1.49 



From the data given as to suitable materials, strength 
and weight, with a reasonable design in view which 
may be practically applied, an air-ship may be con- 
structed, always bearing in mind that the dimensions 
requisite in order to successfully carry i ton are not to 
be considered as a unit that has but to be doubled in 
every particular in order to carry 2 tons, and the same 
reservation equally applies to velocities. And hitherto 
we have presumed a still atmosphere, but the structure 
should be designed and proportioned to withstand the 
strains and stresses imposed by a gale of wind, plus the 
contained power to sustain a reasonable speed under the 
circumstances. 

This points at once to the greater efficiency to be 
attained by air-ships of greater calibre, relatively to the 
best work of the one or two passenger air-yachts. 



CHAPTKR VIII. 

AIRSHIPS. 

In this chapter we proposi: to treat of air-ships as 
combinations of aerostat, aeroplane, and propelling 
apparatus, dealing ivith all the best experimental types 
categorically without reference to the merits of each. 

It is, however, worthy of remark, that Mr J. M. 
Partridge in 1S47 invented and made an air-ship which 
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he termed " Pneumadrome," and made several successful 
flights, the steering, however, being imperfect. Many 
valuable points of his invention have lain dormant for 
fifty-five years, to be resuscitated as chief and prominent 
features in our latest practical development of aerial 
navigation. Partridge, however, had neither oil engines, 
aluminium, nor pure hydrogen available in his day. This 
air-ship is shown by Fig. ^^. 
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The aerostat A is formed upon a light frame consist- 
ing of rings, held together by longitudinal bars c, and 
trussed to equalise the strain. The fabric was drill 
canvas, treated with caoutchouc in solution, and weighed 
I lb. per square yard. An internal air-bag or envelope is 
was controlled by a valve and pump f in connection with 
the generator /. A head sail (' and stern sails A, h' had 
braces and halliards for steering. The car C contains the 
motors, and the apparatus was driven by three propellers 
g, of which only two are visible. The body of the 
aerostat was covered by a light wire netting, in addition 
to that carrying the car, and the sails /;, li acted as aero- 
planes as well as for steering purposes. The air-chamber 
li fully compensated the variations of gas volume and 
pressure in A, and this, with other parts of the structure, 
have been utilised in later machines. 

Folacci and Bertius' air-ship is shown by Fig. 78, in 
which the aerostat a is provided with a deep under-hung 
keel d\x\ which horizontal projielling screws e revolve in 
casings. A rudder m has a cased propeller A, and a tail 
rudder i has another cased fan /(, and both rudders may 
be moved laterally to cflect horizontal steering. The 
mechanism is driven by a motor in the car^. 

Fig 79 illustrates Falconnet's air-ship, in which two 
hollow cones A, A abut against an intervening cylinder B, 
the whole constructed on one frame of steel tubing, 
strengthened and stayed by double braced trussing c, d, 
ties g, and stanchions c. The shell of the aerostat is 
made of very thin metal, or fabric rendered im|x;rvious 
to gas and water, and is divided by partitions into sub- 
sections rt, having manholes, gas supply, and exhaust 
pipes with stopcocks arranged for filling or exhausting 
any of the chambers independently. The double truss- 
ing d forms the roof of, and supports the engine-room 
and cabin i, which is partly within and partly extends 
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briow the tt r mctmc of Ok aar-shap. A ditmney i is pro- 
vided to cujf off the ptoAmcts of cotnbu^ion and foul 
air bom s vertical npCaix t Tlic cUmd is formed with 
afaap ends to na Juc e rcststanoe, and also has suitable 
daoc9 and windows. Horuuolal kngitudina) shafts 
carry propeOcrs ■, with an after pfopeller w which may 
be tacntcd by ani«-cml joints in any direction for steer- 
ii^. and eflccting bortjumtal or votical deviations in the 
direction of Rtijht, the brackets / being properly cun- 
stmctcd far this purpose, the dotted outline A showing 
such deviation. 
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The Hilfrcith air-ship (Kig. 80) is shown in plan, and 
the acmstat <t is <.mi|)tical in shajjc, and supports two 
cars 6, h' o^>tuK-cIcd by a transverse gangway (not shown). 
[t is propelled by lwi> leathcriiig paddles e,e' which afford 
the horizontal [wopul^on, and two screw propellers j, / 
effect the xtrtical movement. Steering is performed by 
ii movable NTine or fin /, and the mechanism is driven 
by an internal combustion engine. 

Molcsworth-Hepworth's air-ship is shown by Fig. 8r, 
In which the aerostat A, having jxilntcd ends n, is divided 
\\\\\\ com|wrtinents by divisions C in which arc separate 
iM«>b(U(H l>. with independent inflating and deflating 
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appliances. A longitudinal bar E supports an aero- 
plane M, itseif being supported by rigging C from the 
aerostat A. The car i is supported by and below the 
bar E, and forms the centre of buoyancy of the air-ship, 
the supporting bars K. being rigid, except for horizontal 
angular deviation by means of the ropes M, by means of 
a quadrant or bell crank lever N or a windlass. One or 
more propellers O are driven by the motor through 




gearing R, these propellers having stiff leadir 
elastic or flexible rear ones. The buoyancy of the aero- 
stat A is controlled by varying the pressure of air in the 
intervening spaces between the gas-bags D by means of 
a pump U, and flexible pipe S, with a suitable liberating 
valve. A rudder is shown in dotted outline. 

Dc Bausset's air-ship is shown with the aerostat in 
section by Fig, 83. The aerostat A is built up of steel or 
thin metal plates, with internal bands and cross ti>^Va 
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Strengthen the structure. Conical ends o are provided 
which are normally held in position by the external 
atmospheric pressure, since the inside of A is partially 
exhausted, spiral springs in tension tending to open 




o ir the internal pressure increases. Central sustaining 
[Janes or steadying plates c are fixed centrally within 
the aerostat A, The boat-sha|xxl car It is adapted Tor 
noatinjj uixMi the water, or for land transport upon the 
wheels, ami is suspended by means of jointed rods D, 
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ami a rojie i: upon a windlass allows of its being adjusted 
forwiirds ami Ixickwards. Boxed or cased propellers I 
provide the necessary propelling force, and these are 
independently driven by the current derived from 
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accumulators in the car U. The altitude is varied by 
admitting air to or exhausting the interior of the aero- 
stat A, a suitable electrically driven pump performing 
this operation. 

Fig. S3 represents Worm's air-ship. The aerostat A 
is nearly buoyant enough to support the whole mass, 
and has attached to each side inclined aeroplanes, the 
edge c of which only is visible upon the elevation. A 
curved rod u extends from one end to the other of the 
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machine, which 
piece or rudder, 



I balance weight E. H is a tail- 
:apable of being moved upon a vertical 
axis. Propulsion is effected by means of feathering 
wings F, to which motion ia imparted by an internal 
combustion or other motor D'. By adj us ting" the balance 
weight E upon the rod D, the aeroplane C and the whole 
machine may be made to assume an inclined position, so 
that the combined action of the wings F and aeroplane C 
tend to raise the air-ship and propel it forwards. The 
car B is of wedge shape in plan, and cairiea ttie^^'A^x^viSj:^^, 
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storage tank, or the like, G, and the motor D' with the 
fulcrum^ of the wings F. 

Boissct's nir-ship is illustrated by Fig. 84, and consists 
of an atTostat, the frame of which is formed of a number 
of light metal or bamboo rings with radial struts 
threaded upon an axial tube e. Transverse stays g tie 
the ends of <• to the upjx^r periphery of the central ring 
i>f the frantc, and the whole is covered by a double layer 
ofsitk eemcntcd together by indiarubbcr solution. The 
car / is suspended frum a plate D secured to a bard C 
round the largest circumference of the aiirostat and 
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Fig, 85 

steadied by ropes o. The actual suspension is effected 
by link work /, q, which tends to keep the car in position 
when the weights therein are shifted. I'ropulsion is 
effected by a single screw propeller in front of the car, 
and twin pa>i>ellcrs at the rear end, the steering being 
performed by the manipulation of the latter. 

An air-ship with twin aerostats has been invented by 
L. E. Koze, and shown by Fig. 85, which is a plan view. 
The two aerostats A, A' support the car I(. and are so con- 
nected that the internal pressure is equal in both, and a 
collapsible reservoir is provided in order that the gas 
may expand without loss. I'ropulsion is effected by 
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1 horizontal propellers E, and vertically by three similar 
propellers the axes of which are at right angles to the 
horizontal plane. The air-ship is steered by a tail-piece 
or rudder F, The framing of the car B is provided with 
buffers or check springs to neutralise shocks when 
coming to rest. 

Fig. 86 is an end sectional view of Chillingworth's 
air-ship, which consists of an aerostat D supporting a 
car V, and propelled by feathering wings B, formed of an 
elastic framework covered by textile material, the dotted 




outline showing the position assumed when at rest. The 
inner ends of the wing arms carry toothed segments 
which gear with each other, shown by g, h, which arc 
worked by a reciprocating motor, the feathering being 
actuated by .stop links. A rudder attached to the car C 
admits of steering in any direction. The aerostat is 
divided into three or more internal chambers, the inner 
of which may be inflated or deflated with air to com- 
pensate the variation of the volume of gas in the outer 
envelopes. 
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l&£iHJetDii's 2Er-!shtpc an cievation of which is shown 
Chr Fu^. 57^ slsu coc&>cst5 of two parallel aerostats b^ b' 
^ftnsli&r tx> t&at of Roec. pfeviously described. The 
^KTOs^tacs TL S .xr« cfcavtt together by a bent longitudinal 
inmif i ^ vftsdk q> attarfnerf a curved shield plate, which 
<dib:tually icnxns tbe aiifastats firom the heat radiating 
&^nn: tfntr an^tors^ jusii generator g. Internal bags or 
<imfea?pe§, ifeowa: bv the dotted Unes r, c within the 
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^c»\v4tvi^s A > . Jirt- (vrv>\ kied to act as partial condenser for 
the o\hw^u.^t frvHU the nK^>r. the heat thus dissipated 
oxjv^ikUo^ the w^IwttK" v^f the sunrouiKling gas. Propul- 
Mv>i^ s^ikI stvxt«^ aa^ eilecteil by a propeller w and an 
iiuxiliary jMx^x^ter r^ the rv^lation being performed by 
the nw^tvvr aikI the vuri^ttion of the planes by hand in 

l*^^ ^S U <in elevutivM^ i>f Pennington s air-ship, which 
a^^sists of <u\ sU^rvvitut A of sheet aluminium carrying at 
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its bow a propeller F driven by a motor M placed within 
a recess in the aerostat, accessible from outside. Central 
aeroplanes E arc attached to each side of the aerostat A, 




Fig. 8 8 

and lifting propellers E are fixed to revolve within suit- 
able frames in these aeroplanes. A fin or central vertical 
plane C is attached to the top of the aerostat. The car 
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D is divided into two compartments, one above the other, 
the upper one being for passengers and auxiliary appli- 
ances, and the lower d" for electrical acciimula.tQv?. ■w'w.'Jcv 
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supply the current to ciectro-motors driving the lifting 
fans K and the vertical and horizontal rudders G, h, also 
the ignition for the explosion in the cylinders of tlie 
vapour engine M. The liquid hydrocarbon is stored 
under pressure, and the framework and all parts are 
hollow, and filled with gas, Stays c' maintain the rigid 
position of the car n. 




Lochncr's air-ship is illustrated by Fig. Sp, and has an 
aerostat a, with a central aero])iane bb surrounding it, 
and a curved adjustable aeroplane e below it, this having 
a rigid weather edge / which is carried upward to the 
central aeroplane bb. The reaction of the air currents 
escaping from the rear lower edge of e tends to an im- 
pulse forwards. The aerostat a may be circular in plan, 
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and the lower portion may, by collapsing into bl), act as 
a parachute A narrow horizontal beam b carries the 
propeller g and its shaft and bearings, a small car con- 
taining the motor m, and steering gear for controlling 
the rudder r. 

H lie's air-ship, shown by Kig. go, consists of an 
aerostat A, with metal end caps a, and has an internal 
air-bag. as shown by the dottetl outline, which is inflated 
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or deflated according to the pressure of gas in the 
aerostat. The gas envelope of the aerostat A is con- 
nected to a heated elastic vessel / through a pipe d, 
and is kept in circulation by a fan e'. Cased propellers 
/are attached to the machine by saddle frames /*, and 
to each is hinged a rudder g which is operated from the 
car by ropes and pulleys. Ballast chambers k are sus- 
pended from the car by cords or links k'. 

Fig. gi illustrates BliJmelhuber's air-ship, consisting 
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of an aerostat A, with a central horizontal tube B of 
metal, shown by dotted lines, through which a shaft 
passes, carrying two propellers G, M, driven by an electro- 
motor c which is supported by the thrust bearings of 




the shaft u and a curved bracket y upon the car. The 
steering is effected by mounting the propeller M upon a 
universal joint, so that its plane of rotation may be in- 
clined. Electrical accumulators are provided in the lower 




partition c of the car, to furnish the driving power for 
the motor C. 

Nahl's air-ship is shown in elevation by Fig. 92, and 
a midship section Fig. 93. The aerostat A is internally 
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divided by gas envelopes c, c^, ^, <?, and the car c is fixed 
to the framework of the outer casing of the aerostat 
and is actually inside it, below the central surrounding 
aeroplane h. 

An electro-motor drives two propellers D, D, effecting 
horizontal propulsion, and a weight J supported by a 
rod K admits of the adjustment of the centre of buoy- 
ancy, and also for ballast. 

Professor Langley, of the Smithsonian Institute, 
U.S.A., has constructed an air-ship {Fig. 94) in which 
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the upper part of the body a is an aerostat, and the 
lower part d an open framework carrying the motors 
operating the horizontal twin propellers p, p', steering 
being effected by varying the rates of rotation of these 
independently of each other. Aeroplanes w, w' maintain 
by their angle of inclination the vertical lift, and are 
supported by and controlled from a mast m. 

Count von Zeppelin's air-.ship is shown in elevation 
by Fig. 95 and midship section by Fig. g(j. The aerostat 
comprises a framework of longitudinal tubes r inter- 
spaced by wire ropes s proceeding radially from. c^Rt'i'ji.V 
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hubs w, a vertical strut v being placed at intervals across 
the diameter of the aerostat throughout its length. It is 
divided into compartments containing gas-bags shown 




by the dotted lines. The aerostat is very long relatively 
to its diameter, and supports two boat-cars g, one only 
of which is shown. A gangway I runs the whole length 




of the machine from *vhich any part may be reached by 
ladders / Several aerostats may be joined together 
forming a fle.xible train propelled by the air-ship, and 
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carrying goods or passengers. The junctions are coupled 
by universal joints and the fabric of the atirostats joined 
by strips of similar fabric. 

Horizontal steering is effected by rudders q, q, and 
the inclination of the axis is adjusted by means of a 
weight b suspended from a wire rope along which it 
is made to travel by an endless rope U^ operated by a 
winch w' in each car^. The internal combustion engine 
VI is contained in the car g. and drives the propellers t 
for horizontal propulsion by suitable shafts and gearing 
within the framework and ladder/! 

Santos Ditmont has successfully accomplished the 
steering of an aerostat, notably in open competition in 
which he was the winner of I5,CXX) francs by rounding 
the Eiffel Tower. Since this the inventor has made 
several successful steering flights. The air-ship consists 
of an aerostat inflated with hydrogen, and containing 
an air-bag for compensation, and a screw propeller, the 
axis of which is inclined, and a rudder of relatively 
large area is under the control of the aeronaut, who is 
placed in a small shielded car which also carries the 
motor engine, preferably an internal combustion hquid 
hydrocarbon type. M. Dumont has invented a very 
light and jMwerful twin or multi-cylinder engine for the 
purjiose, each pair of cylinders being placed in tandem, 
operating one piston rod, the explosions having the 
efiect of a double-acting single-cylinder engine. 

Dr Barton in the United States has just built an 
air -ship, the trial of which has not as yet been reported. 
The aerostat has three aeroplanes placed below the 
centre with an aggregate area of 1,944 sq, ft, which he 
claims to have a lifting power of 972 lbs. or i lb, to 2 
sq. ft., equivalent to an air velocity of 880 ft. per minute. 
There are eighteen propellers arranged at different 
angles. The aerostat has an internal coov^'iNSj'i.'ucK «i 
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air vcs*d capable of being inflated or deflated, 
noteworthy that nearly every modern type of air-ship 
adofits this compensator, and it is invariably referred to 
as a special feature, although employed, as we have 
seen, by Partridge in his air-ship the " I'neumodrome " 
in 1S49. Dr Barton renders his air-ship stable longi- 
tudinally by forward and rear water tanks, the water of 
which is kept in constant circulation through a double 
tulHilar s>'stcm by an electrically driven pump. A valve 
is fllted in each section, these being controlled automati- 
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cally by a heavy pendulum, one of the tanks being filled 
at«l the opposite one emptifd inversely according to the 
tendency of the inclination. 

The "Aeraonic " air-shiii is as yet the most successful 
x|>crimcnlal apparatus yet tried, and lengthy trials have 
been made of a 10 ft. model in which the air-ship was held 
captive at a height of 100 ft, bj- a hawser, around which 
it was stecntl from the ground by two double pole link 
Itches, the conducMrs being attached to the hawser 
and included in the circuits of the steering motor. The 
electrical current for this and the propelling motors was 
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generated by a dynamo upon the shaft of a 4J H.P. petrol 
twin cylinder motor upon the platform of the ship, and 
vertical ascent was accomplished without extraneous aid. 
These successful trials led to the formation of a syndicate, 
and an air-ship 50 ft. in length and 40 H.P. is now in 
process of building. Fig. 97 is an elevation of this air- 
ship, in which a platform s carries the whole of the 
mechanism, and when at rest is supported upon the 
ground by wheels o, A lifting propeller B has a collar 
C upon the shaft normally held back by the tension of 
a spring to keep the rear edges of the blades in full 
pitch position by means of rods a. The shaft/ and 
electro-motor F which drives it are based upon a pivoted 
plate upon the platform s, the oil-bath thrust block e 
intervening between the motor F and the propeller B, 
the whole being inclined backwards or forwards by a 
screw /and hand wheel ^. The aeroplane A is inclined 
at the same time, being carried by a trunnion bearing 6 
on the shaft _/'. Links rf connect the aeroplane A with 
the platform s and carry the rear weight, being pivoted 
to A at c. The length of the links d is such as to bring 
the aeroplane A parallel with the platform s when moved 
rearward by g. The horizontal propeller D is driven by 
an electro-motor E, and a thrust block e' is mounted 
upon the same bracket. Steering is effected by a four- 
vaned rudder A operated vertically by a toothed quadrant 
g, and horizontally by a similar quadrant, small electro- 
motors r, controlled by the aeronaut by means of switches, 
furnishing the requisite power. The current is derived 
from a dynamo electric generator i driven directly by 
a compound internal combustion hydrocarbon engine A. 
The liquid fuel is stored in a wedge-shaped tank (;, the 
apex forming the beak of the platform. Two tanks 
containing water /, /", and connected by pipes and an 
electrically driven centrifugal pump tn, are placed on 
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each side of the under part of the platform s, so that the 
two forward tanks are connected to the after tanks by 
the corresi)onding pii>es, forming the " fore and rear " 
c(|uilibriuin system, and either the two right-hand tanks 
or the two left-hand tanks the " lateral " equilibrium 
system. Therefore since a current of fluid is maintained, 
a flux to the two forward tanks causes a dip forwards 
and vi'ir versa^ or a flux to the two right-hand tanks 
causes a lateral dip in that direction ; and this is auto- 
matically eflected by two pivoted hollow beams slightly 
bellied in the centre and partially filled with mercury, 
and these being .irranged at right angles to each other, 
are connected to the controlling valves of the two fluid 
circulating systems. The sensitiveness of the mercury 
balance renders the equilibrium control nearly antici- 
IKitory. 

No human mind c«in foresee the air-ship of the future, 
except that aerial navigation will be a matter of every- 
day usage, and will give rise to a new industry throughout 
the world. Unless some future discovery renders the 
control of the force of gravitation possible by other than 
mechanical means, the germ of the air- ship is among the 
many that are described in these pages, doubtless with 
many m<Klifications and additional details that may be 
found necessary to accomplish jjerfect success. 
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TRIGONOMETRICAL EQUIVALENTS. 



Cotangent 




Fig 98. 

The diagram shows the trigonometrical functions in 
terms of the angle (^ to the radius, the value of which is 
given as = I. 

Cos = . . \/(i — sin2)= cosine. 

sin 



Cos = ... 



tan 



cosme. 



Cos = ... sin X cot = cosine. 



Tan = 



sin 
cos 



= tangent. 
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Cot = . . . . — ; — = cotangent 

sin 



c • cos 

Sin = . . . = sine. 

cot 



c tan . 

Sec = . . . — r— = secant. 

sin 



Stan 
in = . . . = sine. 

sec 
Radius = . . . tan x cot = radius. 

Sin = n/(i — cos2)= sine. 



= tangent. 



= cosecant. 



= secant 



Tan = 


I 
cot 


Cosec = 


I 

• • * 
sin 


Sec = 


I 
• • . 

cos 


Sin = 


I 


cosec 


Cos = 


I 
sec 


Cot = 


I 



sine. 



cosine. 



cot 



= cotangent. 



Versin = i — cos = versed sine. 
Covcrsin = i — sin = coversed sine. 



Form of Aerostat Ends, Plotting Templets (Fig. 
99). — Let AC = D X 1.25, and AB =s D. Then from 
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centre C strike off AE, and upon EF mark off G, that 
GF = CB, and strike the semicircle radius Gr cutting AF 
at r. This forms an approximate parabolic outline. 
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To descritte an ellipse for an end templet, set off the 
major axis EC, and mark it off in equal parts, wKvcU. vvi 
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F'g- 99 2tre four. Let AD = the minor axis, and CB the 
half of this, which should be divided into an equal number 
of corresponding parts to EC. From the centre A draw 
lines cutting divisions on BC, and from the centre D draw 
lines cutting the divisions on EC. Where the lines inter- 
sect are the points cut by the semi-ellipse. 
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Useful Constants and Logarithms. 

Number. Logarithms. 

TT 3-Mi6 .4971 

7r2 -* 9.8696 .9943 

fjir i»7724 .2486 



TT 



.7854 .8951 



Centimetres in i in. 

Yards in i metre 

Kilometres in I mile 

Miles in i knot 

Square mils per square millimetre 

Cubic centimetres in i cub. in. - 

Cubic centimetres in i pint ... - 

Cubic inches in i pint 

Pints in i litre 

Grains in I gram 

Pounds avoirdupois in i kilogram 

Pounds in i cub. ft. of water (39° Fahr.) 

Forces de Cheval in i horse-power (33,000 
foot pounds) 

Foot pounds in i B.T.U. 

B.T.U. in I calorie 

Degrees Fahrenheit in 1° Cent. 

Feet per second in i mile per hour 

Metres per second in i kilometre per hour - 

Pressure pounds per square inch of i ft. of 

water (39° Fahr.) .4333 1.6368 

Pressure pounds per square inch of i in. of 

mercury .4907 1.6368 

Value of ^ at Greenwich in inch seconds - 386.29 2.5869 

Length of seconds pendulum at Greenwich, 

inches 39*139 1.^9^6 
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The following diagram (Fig. loi) illustrates the diri- 
gible aerostat of M. Santos Dutnont. It will be noted 




that the structure is very light, and offers very little re- 
sistance to the air relatively to the power and buoyancy. 
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The aerostat A is pointed at each end, and an interior 
balloon or en\-ek>pe n containing air is placed inside, and 
controUcd tmm the motor r by a pipe T. This is the 
arraagcment first adopted by Partridge in his " Pncuma- 
dnHDC," which is previously described. A trailing rope i. 





with n guide M. is provided, in addition to a rudder G. 
The iiiToiuiut sits in a light wicker basket chair o, from 
whence he may dtntrol the mechanism. The engine i' 
ilevcIoiM l6 H.l'.. and is actuated by the explosion of 
vaimrisetl pctml. The screw pro|)eller ll is made with 
(loxihle rear wtgcs, and at 150 revolutions per minute 
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The total weight of the appa- 



exerts a thrust of 60 lbs. 
ratus is 550 lbs. 

Fig. 102 shows the machine progressing against the 
wind, and Fig. 103 illustrates the start from the Pare 
d'Orient in the i5/xx> franc competition. 13th July 1901, 




Fig. 104- 



which, after some discussion, was awarded to M. Santos 
Dumoiit Fig. 104 shows the progression of the aero- 
stat against the wind. Fig. 105 (see Frontispiece) 
shows the aerostat rounding the Eiffel Tower during the 
competition. 
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THE PRACTICAL ENQINEBR'S HANDBOOK. 

Comprising a Treatise on Modem Engines and Hoilers. Marine, Locooiotrvo, 
Ind Stutionuy, And cnnliining a laiee collecliim of Rules and Fracliol 
DsH nluing la KccenI Pjaclice in Designing and Conslructing all kindi ol 
Engines, Boilers, and olher EneinMrinE work. The whole COdSliluling a com. 
THeGeniive Key to the BoEud of Trade and other £iiuninBlians ias CeniGcates 
ofCompelencyin Modem Mechanical Engineering. By Walter S. Huttdh, 
ayil_and Mecbanjcsl Bngineer, Author of " The Works" Manager's Handbook 

vo, 560 pp., slrongiy hound. 

^Juit Pablislud. I81O 



Bnpneer, Aatho 
Engineers." &c With upwards 
isefand 7 ' - 



- This Work is daignid a, a comJi 
>;s HsKDBODK." /I poaessts mans ntu 









r 



MECHANICAL ENGINHKRtNG. «<. 
MR. MUTTON'S PRACTICAL HANDBOOKS-^ 



STEAM BOILER CONSTRUCTION. 

A Prsclical HanHbonk Tor EnEineeis, Bailcr-MakEn 

Containing^ large Cotltcllon of Rules and Data re|ai:,„ „ 

iBoli™. M^TMarlnt Si«^"-^lere.'''By^WALTKK'VHuTTo'M?'cr;il and 

Mechanicfll Engineer. Aulhor of "The Works' Manager's Handbook," "Tin 

Practioal EnginMT'i Handbixik," &c, Wiih upwards of 500 lIluilralioBt 

Third Edicion, Revised and much Enlarged, luedLum Svd, ciuih . , IB'O 

Btf* This Wdek is iHtud ji> amUntmHim of Ihi Sirits of Bandboaki nritltm 

fV thM A<ahat,va, :— "Thb Wobke' UAXACEa's Handbuok " and " The Practicai. 

EHGiNEER'a Handbook," oMciH an id highly appndnUd by nigiimrs for tht 

practical wiluri of lluir informaHoH ,■ and is amuqutntly vrilUn in thi taint slylt 

J.J-S'J'i, 

hou/oral.. 

worthy of as favaurabU a rraplion as has bm ace 

One 0ftbfl1]H5t.]fDDt the hen. books OD bDlLer« tlut hu evef bHb pubUshoiL 1 
l4orttLtii]elitkiiLd,uiJ«lBiplflaDdBrcimbtatarD. Salvias BflDfljiuion Is cnnee 
lubisdly thH^uiodardbeekanaleamprflctico,''— 5/f r»M«J*eTn[f7if. 



PRACTICAL MECHANICS' WORKSHOP COMPANION. 

SdTnceT!^lhf^iner™'^b!eBorprBai^ Da."™d oSHlale'd R^ulls'fci 
Facililstine Mectumica! Opeiatinni. By Wh.liau Tehplbton, Author of 
" The Engineer's PtaclicaJ Assislanl," Sec, St Eigbieenth Edition, Rrvised, 
Hndemiled, and considerably Enlarged by WalteiiS. Hdttdh, CB., Autboi 
of "The Wotki' Manager's Handbook,'' "The Piactical Engineei's Hand- 
book," &C. fcap. Svo, nearly 500 pp., with B Pbues and upwards of IJD [Uns- 
trative Diagrams, strongly bound for vorlubop or pocket wear and tear . O/O 

have^jimed to «alue the oiJBliial edIttDiii Df ■ Tempkron.'"— firv'LfA JfrMnrir. 



ENGINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By Williau Tkuple- 
Eigbth Edition, with Additions. iSino, cloth ; 



csosar lockwood * sons catalogue. 

TtIB MECHANICAL ENOINEER'A REFERENCE BOOK. 

■ a^ Buiki C«ieiH>a. In Two Paru. - 

uDaTL rwll. BuuU CUHSTIVCTION. 

FoLi», M.I.N.A 
Folio. b>'" 

. SOUARBS. CUBHB, 
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TEXT-BOOK ON THE STCAM BNQINE. 

Whk ■ SmmJm— « •■ Gu Bmim^ Bd Put II. on Hut BKGm 
T. tl. OwMMk tLA^ l^hwuLi™. tttlmm a U«huic< mi tli. 
<yht.<rfSrtiW8^l iw il w ;»»a«ral"-nnPriBdpla«tM«biu.ij. ._. 
Ian— i*<« > li i l MH iB.'«fc FMMHMkEtfte^Cnntn). cloth . a/O 

ON UAS ENQINBS. 

«mJh Ji miiliM ■ R«iM tliMi «tt Tata Irwla. Bt T. U. 
1. HA. CWnfi ' ■ ~-~ 

THE (lAS-ENtllNE HANDBOOK. 

AMHuulvIV-tollatHiMlkubrltaDwaHaJllHRiwiHr. ByE.W. 



THE MECHANICAL ENUINEER'S COMPANION 

bI ,\niii^Cai<tmtvt».wi, tVuulK^iunksiu.iBiB'^BiKl Ccd. miUiiiKm, 
I.U1KH*. tuUiL ttaix kt- '. WticUu, Mhuuvi. ud otWr Hbu. Aha Pne- 



9j K. EwiLUa, U.IM1.C.E. 
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MECHANICAL ENGINEERING, *£. 
A HANDBOOK ON THE 5TEAM ENaiNE. 

Witb eipuihl Rcrcicncc 10 Small sn<l Mtdium-si»d Engines. For the Um of 

»ilh considctablc addilioni and:alleralionj, by H. H. P. Powlbs, A 

U.l.M.E. Second Bdilion, Runsed. With neaily t,i« II 
Crown a™, clolh 

BOILER AND FACTORY CH1MNEV5. 

Theic Diaughi-Powei Hod Subililv. With a chapier on LighMitg CoHdiuUn. 
ByRoBBHT Wilson, A.I.C.E., Aulhorof " AXreaibeon Slcam Boilcrt." ftc 

BOILER MAKER'S READY RECKONER ft ASSISTANT. 

with Kiamplcs oT PcaclEcal Geometry and Templaling, for Ibe Use of Plaleis, 
Smiths, and Rivelm. By John Couhtiiev, Edited by D. K. Clark, 
M.l.CE. Third Edition, 180 pp., with MO Illuaualions. Fcap. Bvo . 7/0 

REFRIGERATION, COLD STORAGE, & ICE-MAKINO: 

A Pracltal Trealiae on ihe Arl :ind Science of Refri^eraiEon. By A. /. 
Wallis-Tavlek, A.M.tnsi.C.K., Autbur iif " Kefrigeisdng and Ice-Makuig 
Machinery." 6do pp., with 3(io llluslralioDS. Mi-diuin Svo, clalli. 

[/«* Fi-SIiiiid. Ifct 1 5/0 

THE POCKET BOOK OF REFRIGERATION AND ICE- 

MAKINQ FOR Itioa. 

Ediied by A. J. WALLi',-TAyuER, A.M.Iml.C.K Author of ■' RefriEeraiing 
AIliI Tcc.lllakiug Machinery," £[c. With Diary and Almanac- ^mall Crown 

Bvo, cloth. \_j„st P<aibhtd. Nil 2/6 

RBFRIQERATINO ft ICE-AIAKING MACHINERY. 

A Dewriplive Tiealtse fur the U» of Persons Empluying RefrigeratmE 
and Ice-Making fnslalUlons, and olbers. By A. J. Wallis-Taylm, 
A.-M. IruI.C.E. TbirdEdilion, Revised and Enlarged. Wkb lilustnliDns. 
Crown 8n>, cloIh. [JvslFublishid. 7/6 

TEA MACHINERY AND TEA FACTORIES. 

A DBCriplive Trealiie on the Mechanical Appliances requited in Ihc Cultiva- 
tion of Ibe Tea Plant and the Preparation of Tea for Ibe Marltel. By A. J. 
Walus-Tavleh, A.-M. Inu. C.E. Medium Bvo, t6B pp. Wiih iiS 
lllnsuaiiDiiE. [/w< Puilishtd. JVii 26/0 
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6 CKOSHY LOCKtVOOD «- SON'S CATALOGUE. 

ENGINBBRINa ESTIMATES, COSTS, AND ACCOUNTS. 

\ C.mdt lo CcniiiiM^tdal Enrineermg. Wiih munerous campfc! of Estimiuei 
ud CuKs of Millvrrigbl Wo^k. MiicelliUIKms ProddCtions, Sleun EDgines uid 
Slum Boilers; and a Stction on llie PnmralioD of C«u Accoiuils. Ry 
A Gknkiiai. Manac». Second Edition. Bvo.cloth. IJust Putlislmi. 12/6 

AERIAL. OR WIRE-ROPE TRAMWAYS. 

HidiConitrucllonsndMBnagfmeni. BvA. J.Wallis-Tatui, A.M.lnu.C.B. 

Wilh ii lUmlmlJon.. Crown Bvo, clolt. {/«/ /-ni/iiAirf. 7/6 

MOTOR CARS OR POWER- CARRIAGES FOR COMMON 

ROADS. 

Br A. I. Walms-Tavler, Auoc Mcmb. InH. C.E., Anlhoi oC "Modrrn 
Cycles, &c III pp., witb Tfi lUuuiiticni. Crown Bvo, doth . . 4/6 

PLATINQ AND BOILER MAKING. 

A Practical Handbook for Wotkithop Opaalions. By Joseph G. HaanHB, 
A.M.I. M.E. jBnpp. wilt 3]B 111 lutrations. Crown Bvo, cloth . 7/6 



PATTERN MAKING. 

A ProUiFsl TiEalisc, snibiuiog the Main Tvps ol EoebuKiing CoRHruction, 
and including Gearioe, hotb Hand and Machrncmadc, EngiDEWork, Sliuini 
and Pulleyi, fipcs and Columns, Screws. Machine Pans, Pmnpi and Cockl, 
lh< MoiiWii.'- r V;- ■ , i , T ..am and Gitcnsand, Sc, logelher witb the 
Bitlhuil!, ,.(... I II L !■: v.i.li: ifCastings; witban AppendijrofTobleaftn 

KnlarEiii ■ ■. Crown Bvo) clolh '. . /^/I 7/6 



MECHANICAL ENQINEERINQ TERMS 

ILockwood's Dictionary of). Embracing thoK currtnl in tbE Dm.' 
Paltem Sbop, Foundry. FiltinB, TumlriE, Smiths', and Bdler Shops 
prising upwaids of 6,DiioDifinilions. Edited by J.G. Humjeb, A 
Third Edition, Rrvi^td. Crown fivo, clol"- 



TcToTBED a°EARINO. 

A Fiaciical Handbook for OEGcei and Workshops, By toSBFH HuKHEK 
A.M.I.M.E. Witb 1B4 Illuslnuiona. Crown Bvo, cloth .ait 

FIRES, FIRE-ENGINES. AND FIRE BRIGADES. 

With a_History__of dte-Eogins. their Con«riittion, Use, and Manag. 
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MECHANICAL ENGINEERING. *f. 
ATRIAL NAVIGATION. 

A PrauEcal Hyndbcok an tie Constmclmii at D;r;Bible BalToo 
Aarop'atiis, and AtMmotors, By Fkkoeiiick Walkek. C. 



STONE-WORKINQ MACHINERY. 
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PUMPS AND PUMPING. 








A Hlndbool. for Pump U«t!. 
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avQ, ^oib. 






3« 




[Hwltle. mriei 














b. ,>(«.-_?;™™.i ^ G« LUM^, 








MILLING MACHINES AND PROCESSES. 






K Melids by 
dini! Ihe Cull 






AulhorofLaihe-Woifc." 3S3P 






p. Vubupw^ 


ds qF 300 Engrsiings. 


toiDta- 


^,:i'iaTm^r^^^.tf':^Vi^ 




^ recomuBirt this m,ii. 




ncil trej.ise.--fi^<>.n 




■■ A cpiul inrt rtu.blt book -Kkh .1 


<», deubt be of 








a>.dlutd<)l<« 


wbocontcmplBUla^ 


pBoo.-- 


LATHE-WORK. 








A Praclics] TrealiK on the Ti- 
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POCKET GLOSSARY OF TECHNICAL TERMS. 

English- FrcDch, French -En Elish ; vith Tnblis niili^Ie for tfae Arcbllcctutll, 
lingineering, ManufoclurinE, and Nautical Professions. By TOUH JaMES 
Fletchek. Tbird Edition, >oo pp. WiiucoBl-piKkelsUe, leaiber . 1^8 
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MECHANICAL ENGINEERING. 6^. 
THE LOCOMOTIVE ENGINE. 

Tbe ABlabiaenphy af an Old Lncamatlve EniinE. By Robei 
BUKN, M.I.M.E! With llliulntioDS Bnd PDitniil'. oT Georgb 



THE LOCOiWOTIVE ENGINE AND ITS DEVELOPMENT. 

A Papular Trealise cxi Ifae Gcadiud ImpicvemenU made in Kailwny KnginB , 
bctwcoi lEsi and 1B96. By Clement £, Stretton, C.E. Fifth E^ilion, I 
Enlarged. Wiih no llliislnHions. Crgwn Svn, clolh. [/w( PublUlud. SIB 



LOCOMOTIVE ENGINE DRIVING. 

A Pisctical Manual foe Engineers in Ctuige of Locomotive Enginu. Bj 
MiCMAKL Rhvkolds, Member of Ihe Society of Engineert, forraerly Loo 
motive Inspeclnr, L. B. & S. C. R. Eievenlli Edition. Including a Kev td 
THE Ldcohotive Engihe. Crnivn Bvo, doth 4/6 

THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. CompiiainE a Historical Notice of the Koneer 
Locomollve Engines and tbcir [nveniois. By Michaki. Rbvnolds. Second 
Edition, with Revised Appendix. Crown Bvo, cloth. [Jwl PMiihid. 4^0 

CONTINUOUS RAILWAY BRAKES. 

A Pracucal Treatise on the several Systems in Use in the United Kiugdom : 
their Construction and Performance. With copious lUustratiou and numenni 
Tables. By Michael Reynolds. Bvo, doth 9/0 

STATIONARY ENGINE DRIVING. 
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ENGINE-DRIVING LIFE. 

Drivers. By Michael Revholds. Third Edition. Crown i\ 

THE ENGINEMAN'S POCKET COMPANION, 



Roya! iSnio, strongly be 
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lo CROSBY LOCKWOOD * SONS CATALOGUE 

CIVIL ENGINEERING, SURVEYING. &c. 
LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

IKDIA, AND Tne COLONIBA. 

A Practical Hutdbdok tdliiie forth [hv Piiodples oa which Li^I Railn) & 
ituwld be CofutnKUd, Worked, snd Fininccd ; and dualling Ihe CoH of 
CoAHncliaQ, E!<piipmen1, Rewane and Wnkni|- Expenses of Locd Rail*Byt 
■Imdy established In the Abave-meDlioned countties. and in Beleiiun, France, 
S-ilK>Und. &c Kj J. C. Mackav. F.G.S., A.H.I<ut.aC lUuOrated 
wilb Flues and Diagtams. Medium Bio, dolb. [JlUl /■■WtlAld. Ifi/O 

TUNNELLING. 

A Praclinl Treadsc By Charles Preuhi, C.E. With addiliain hy 
CmaLiis S. HlI.i,C.E. Including 150 Diagrams and lllusmiions. Royal 
!to, doth. {J\at PMukld. Net 18/0 

PRACTICAL TUNNELLING. 

Eapliunini in detail Seiiuw^ut ibe Wotlu, ShaA-dnkinE, and Headine -driving, 
Ranging uie Liaa and Lerelhng ubdef^oaiid, Suh-Kicavadng, TimtieTiDg 
and the Couuooian of tbs BridnnxliorTuiuieU, with theam^nt of Laboui 
Tcqoiied for, and Ihe Cost of, the various pnttians of the work. By FannitiiicK 
W. SiHHS, M-IdH-CE. FoDtlb EdilKia, Revised and FuiLhei Extended, 
iDchidinE tiw nuBt iccent (iBqs) Eiamplci oT Sab^aqueons and other Tunnels, 
by D. KiHHUB Cubic, M. Inst. CE. Imperial Bvo, with M FoldiiiE PUtei 
' ' lUiuuuiou. Cloth. IJfit Publakui. £2 2a. 



THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATER-WORKS. 

A Piaclical TiutiK for the Uk of Engineers and Students of Engineering. 
By W, K. BUKTUM, A.U. Inst. C.E.iPtofessoi of Sanitary Engineering in the 
Imiietial Univflsily, Tokvo, Japan, and Cmsulting Engineer to the Tokyo 
Water-work-o. Second Edition, Revised and Extended. With numernus 
Plates and Illustrations. Super-toJ-al Svo, huqkram. (/.li /'■W.ferf. SBiO 
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HYDRAULIC TABLES, C0-EFFICIENT5. & FORMUljC 

rorFiuluiElJieDschaigeDf WateibomOnficEi NaU:bEk,Wcn Prpu ajid 
Riven W^Lh New Va mulK T>ibl« uid Gcncrsl Inia mauun un Ra n Ikll 
Catchmoit Eas ni. Drainage, Sewerage, Wajer Supply (gt Tovms sod M I 
Power. Bv John Nevillh, Civil EnEineer, MTit.l.A. Thud Miliun, 
leviHid, witfa additions. Numerous lUustialiDni. Crown Svo. clulh . 14JO 

HYDRAULIC MANUAL. 

Conusling of WorliiDg Tables and Eipknalory Teil. InUnded Is ■ Guide in 
Hydraulic Calcnlaliona and Field OpentiouE. By L0W15 D'A. JaCX&un, 
Author of "Aid to Survey Practice," "Modern Metrology." Ac Fquiih 
Edition, Elnlarged. Large crown gvo, dotfa 1GJ0 

WATER ENOINEERINa. 

A Piaciicsl TrealiK en the Meuuiement, Storage. Conveyance, and UtilUa- 
tion of Water for the Supply of Towns, for Mill Power, and (or other Purpmes. 
ByCSl-aCC, A.M. lu>l.C.E. Second Kdiliou. Crown SvD, cloth . 7fB 
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11 CltOSBY LOCKWOOD *■ SONS CATALOGUE 

me icecLAMATiON of land from tidal waters. 

Kxi. I ju d ri l Piopndon. tod oEhcn iatervaietl in 
By ALBunwi Biumcr, M.Inst. CB. With 



MASONRY DAMS FROM INCEPTION TO COMPLETION. 

DiMnw <t Fans. Ac F« ibe w of O^ ud Umint Engi^n By 
C.rCainmT.lI.IiH.C.It. ■•». doilt. [yul P>>6Juluil. 9J|S 

RIVER BARS. 

n* CiBHS of their FaatatioB, md iWir Titalmeal by " InditcHl Tidkl 
Scser'l >itb ■ t>HC>imioD irf iIh SbccchAi] Kcdvclkm by Ifaii Meibiid at 
ibi Bh a Dnb&iL B)rl. J. lluoi, Aids. Bl«. ts tbc Dublin Pan •nd Docki 
BoHd. Xofsl tmt. chMk . -— 



TRAMWAYS: THEIR CONSTRUCTION AND WORKINQ. 

Enbndiic ■ CoaanboBli* Hluorr of ibe Synein : wiita ui uhiuitive 
AuTyii. gf lb* Vukw Mate <rf Tnciim. <DcJudiD( Hai» Powa, SlEun, 
CMft Tnon, Kkcuie Tneuoa, Ar. ; a DtKripUon of ibc Vuieiia ot 
Knlliiic Slack 1 ud uqilt IMiili of Coh and WmVing Eipcnto. New 

Tnmny CsumKiiDn, ftc. Ac By D. KihnuiiCuliik, H. InitCE. 
Wiih *iio lUiuDuiou. )•». i*D pp. , bacluun. [Jut PtMitlit4. 2B/0 

SURVEYING AS PRACTISED BY CIVIL ENOINEERS 

AND SURVEVORS. 

InclDdifit ihi SeKiog-onl of Wstks foe CoiDlivcIiiin and Survtyi Abnsil, wilb 
Buy EiUDplonlicB ftan Aciual Pnclkc A Kundlmali (in uie in the Field 
tuid Ibc Ona, intendeJ abo u a Tut'looli Tot Sludiciu. By Johk WhitK' 
utr, Jua., A.M. ln.LC.l^-. Aulhuie["Patnli«KlCnBiinE> WhhabouL 
i6u llTiutntlalu. Demy Sto, duth. Quil Pmbluktd. Nil | Q/S 

PRACTICAL SURYEYINQ. 

A Teit-Booli fill Studenis pnpiutng la KiMninuiaiu or (dc Suivcy-ixiili in 
(b< Colonin. By GioKia vf. Usiii-, A.M.I.aE. Wiih t PIues imd up- 
.... , ,,...._.-.. r. L^j-..._ ■--'--■ingTablHufNsIuralSNHa, 



AID TO SURVEY PRACTICE. 

For RefcmiR in Suivcying. Levelling, u 
*eyia(Tn«LlgnbyLudindSea. Wiib 
By LowB D'A. Jac .....-.- 
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SURVEVINQ WITH THE TACHEOMETER. 

A piacdca) Mmnul for tfae lue a( Civil and UUitiry Engineeiliand Surveyor!. 
Including two Krics of Tables ipeciBll; csmpuUd for the Reduction or 
Besdines in SuaEuina] and in CFCleiinial Degrees. By Nhil Kbhnedv, 
M.Insi.C.E. Wiih Diagrams and Plats. Demy Svo, cloth. ffel A0I6 

BNQINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Consiating of a Series of Tables, with Rules, Eiplanaiions of Systems, and 
OK of TheodoHte for Traverse Surveyioe add plotting the work with minute 
■ccuiacy by means of Straight Edge aod Set Square only 1 Levelling with the 
Theodi^ile, Selting-out Curves with and wixhoul the Theodolite, Earthwort 
Tables, Kc. By V. Davis Haskoll, C.E. With numerous Woodcuts. 
Foutth Edition, Enlarged. Crown 8vo, doth 1S/0 



LAND AND MARINE SURVEVINQ. 

In Rererence 10 the Preparation of Plans for Roads and Railways; Canals, 
Rivers, Toivns' Water Supplies ; Docks and Harbours. With D^ription 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, with Additions. Large crown gvo, cloth . . . S/O 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Rh^wino its Application to Purposes of Railway and Civil Enoineerinir In 
1. of Roads; ivith Mr. Tblpo_jo'9 



C.E. Eighth 

,.- - Selting-oul Railway Cutv< 

Field Practice of Laying-out CircuEir Curves. With j 






IS Woodcols, avo, cloth . 

viUB on CiTRVES may be had separate ..... Q/O 



AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIOONOMBTRICAL SURVEY. 

For the Formation of Geographical and Topogrnphical Maps and Plans, Mili- 
tary Reconn^ssance, LEVELLING, Bcc, unih Useful Problems, Formuls, 
and Tables. By Lieut. -General Fbomk, R.E. Fourth Edition, Reviled and 
panly Re-written by Major-Geuerul Su Ckarlhs Wakeeh, G.C.M.G., K.E. 
With 19 Plates and 115 Woodcuts, loya] Svo, cloth .... 1 6/0 

"Nd words of praise Irom us CJinsIrenBtheDTbapfAiriBni «□ wett and » ^Ibadll* DudnTalnfld 
br thil wotk. Sit Charles Warren has revised the enure work, and idhiIb sucb addttLons la were 
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Revised. With an Appendix on the uw of the Tables for Measuring up 

Corves. Printed on so Cards, and sold in a cloth bo«, waistcoat-pocket size, 

[Jiul PuiliiJuJ. 3ie 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Vards of Centre and Slopes of Culdnts and 

M^Veet Chain or ™ feet Chain. Ily J. if. Watso« BueK, M. Inst. CK. 
Oa> Sheet mounted in cloth case. [Jiul PkiUiAtd. 3IB 
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EARTHWORK TABLES. 

Showing the CdDtenls in Cubid Yuds of EmbankmenU, Cattin 
Hdehu or Drpiht up lo an avctsgs or Bo fteu Br JOSBMt Bsoads 

A MANUAL ON EARTHWORK. 

By Ale*. J. S. Gkaham, C.E. Wiih nimerous Dingrama. Seem 

THE CONSTRUCTION OF LAROE TUNNEL SV\A 

A PrMliciil and TbBoreUcaJ Esiay. By J, H. Watson Bdck, M. 
Resident Engineer, L. and N. W. R. Witb FoldinE FiaKS, Svo, cl 

'"WiD bfl HifBTdvd by dvU ovtawen ai or tba atmcql nluB, oiul colculatDd I 

CAST & WROUQHT IRON BRIDGE CONSTRl 

(A CoDiplctc and PracticBl TreuiH on), including Iron Fonnd 
Three Parts.— Theoretical, PrKticaJ, and Deicnptrve. By Williah 
A. M. Insl. C.E., and M. Init. M.E. Thin) Klllioii, revJKd and 
prnved, udtb its Double PlatuC» of which now first appear in (h 

Mr. Hnriahaw. Hf. pBgo, l!il?^o>lei" Mr, MnDam, aid cthcn aiiiiii« ddt n 

ESSAY ON OBLIQUE BRIDOES 

(Prsctidal and Theoretical), With 13 large Flails. By the 1u 
Watson Buck. U.I.CE. Fourth Edition, revised by his Son, J. li 
Buck. M.I.C.E. ; and with the addition of Dsctipiion 10 Oii 
Facilitating theConslraclionofOblique Bridges, by W.H.BASLOW 
Royal Eva, cloth 

THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise or). By John Haet. Third EjUlioB, wi 
Imperial Bvo, clolh 

ORAPHIC AND ANALYTIC STATICS. 

In their Praclicol Application 10 Ihe Treatment of Stremej hi R 
Gitdera, Lattice, Bowstring, and Suspension Bridges, Braced Iron I 
Piers, and other Frameworlie. By R. Hudson Graham, CE. < 
Diagrams and Plates to Scale. With numeiDut F^amplei, many t 

Univenities. Second Eili^, 'ElnH^^and EnIargedr"^o, cloth 

- ThH »orl* i& eif eUent irom a prwtkol p<^l Qf Tlew. and has evidently few 
with iDiu:li CATC. Tbe diFectioRE for WDf klne 3re jrimple. and are UlusInEed by na a^ 

WEIGHTS OF WROUGHT IRON & STEEL QIR 

Iron' md'^ Slwl'Gbd^ 'ac'"^for°P"li^ent^ "and mhCT^Estin 
/. H. W&TSOHBucK.U.lnn.C'E.. Oa»%u!t . 
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PRACTICAL QEOMETRY. 

For Ihf ArchilKt, Enpneer, and Mcch.-raic, fiivinj Rules 



^1^ 



THE aEOMETRV OF C0A1PAS5E5. 

Or, Problsms RtEokcd bv the mne Dfwription of Circles and the Uw of 
ColoDied Diagrams and Srinbols. By Olives Bvbns. Culouied Pbtes. 
Crown Svn, cloth 3/0 

HANDY BOOK FOR THE CALCULATION op STRAIN.5 

ti™, ftq. By WlI.UAH HUMBB>, A. m! InsL C.E.," Wrif^ EdFti'™' 
Crown Svo, wilh nearly .00 Woodcnis and 3 Plales. doth . .7(6 

TRUSSES OF WOOD AND IRON. 

Piauical Applicalions of Sciende in Delerininins the Siritsses, [Ireakine 
Weighis, Safe Loads, Scannings, and Drtails orCouslrucliop. Wilb Compleie 
WortinE Drawings. By William GaiwITHS, Surveyor. Svo, clMb. 4f6 



THE STRAINS ON STRUCTURES OP IRONWORK. 



n 



Bridges, Railways, fie. By Pbtkh Baslqw, F.R.S. A new Edition, 
by ha Sons^P. W. Baiilow, F.R.S., and W. H. Bablow, F.R.S. ; 10 



Edited bvWu.UuMSEit, 
. . . . 18/0 



A TREATISE ON THE STRENGTH OF MATERIALS. 

tules fu 

ledJ^.jwtimcnts'by 'HoDeKiireoN, Fti 
fcrmiUQ for calculatine Girders, fto. Arraneeo >uu ■».■■«». ^t i, 
A.M.Inst.C.£. BvD, cloth 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, Ihar Canse and Prevention ; with a 1 
scrlption of Modem Appliances ' " .. " ^ ~ 

C.E„ Vi " ■■ ■ 



, Cootulling Enaineer, Ainalganiiiied Sod 

Railway Servsnts. With lUmnnttiow und Coloured PIuol Third E 
~ ■ Bed. Crown Svo, cloth 






"We cDiTiveiLfl the remvVi on rBliwaf sl^nalUne To aH lallwqjr muagen. especUAy >hen 

EXPANSION OF STRUCTURES BY HEAT. 

By John Kkilt. C.E., late of Ibe Indian Public Works Depanmenl. Crown 



CROSBY LOCKWOOD &■ SONS CATALOGUE. 
I PROQRBSB OF MODERN ENOINEERINQ. 

CompIcK in Four Valamct, imjxjiaS 41°, hn!r-moraa:d, pHce £12 12m. 

FritsT SmiiES, C™^iX'nvil"ES3iI^i'Mi! uVini, Hydnulic, Rdlway, 
BrCdgr, wid mba Engineerine Works, &c. By William Humser, 
k.M.lntt.C.K.,&c Imp. 4to.wiih36DoublgPJiuei,>]rBwntoalueesciile, 
PboIogiapbEc Partmil of lohD Hiwlubmw, CE., FJt-S., Stc, snd ^^>piDlu 
.___.__. .___, ... _ casi. 



kV LpttcrprcsBt Spccificalions, &c Hal^mi 
riiK Platb 



NUMBER'S MODERN ENOINEERINQ. 

Secdnh Se>ie«. Imp. .to, with 3 Double Plslcs, FholoEinpblc Portrait of 
Kobcn SlEpbFoioD, C.E., M.P., F.R.S,, &c, snd copious ducriplive LcIUr- 
prcss, Speaficalions, ftc Half-inDTOcco ...... ^3 Ha. 

OVER TUB IHABBS, L. C * D. RAILWAY 16 PLATH5): ALBEKT HABflOUR. (iREKNOCK 



LILWAV, AHbBllW AND BAftKmC If 






HUMBER'S MODERN ENOINEERINO. 

Fourth Series. Imp. 410, with 36 Double PIsles, Phologiaphic Ponrail ol 
John Fowler, Ibig Pns, Inst. CE., and copious descriptive Leltctpress, Spaa- 
iUliooM, &(;. Half-iDorrKCO £3 3l. 
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MARINE ENGINEERING, NAVIGATION, *(, 



MARINE ENGINEERING, SHIPBUILDING. 
NAVIGATION, &c. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of Farmulas, Ruin, and Tabl-iS, and Marine Engintor's and 
SarvCTOc's Hand! Book of RefrrFnce, By Cleuent MackhOW, M.l.N.A. 
Eigblh Edition, Caicfuliy Revised and Enlarged. F{:ap., l^.tlhei. 

i/w//-* *"- At* 12/8 



aS^ », a. 



WANNAN'S MARINE ENGINEER'S QUIDE 

Conn.- 

1 Verba] Que, 

. , , _. _ „_ .._ nu completed, ur 

«K,C;^^„Consullii:£ F,ngineer.nnd E, W. I. Wanbub, M.I.M.K., 

WANNAN'S MARINE ENaiNBER'5 POCKET-BOOK 

Contllining the LumI Board of Trade Rales and Dam for Marine Enpneers. 
Br A. a Wahnak. Third Edition, Revised, Enlarged, and llnugLl Up 10 
Ih.a. Square iSnu. with ihmnb Index, Jeather. Uml Pniiiiitd. BIO 
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«EA TBtCM5, PHRASES, AND WORDS 

(E^Li"b- French, F^^^Engl^J. 'For [be Uk of So^En. E^ein«r^ FiU 
Shi^lldBS, Shipowncts, and Ship<biolcet[. Compiled by W. Fikkie, lat> 
the AfricHD Sleonuhip Company^ Fcap. Bvd, dolb limp .5 

" A voy OHhiJ tticEJOEUiy, wbLb boE bm^ bmn WBOIod by FraDcJi uul BngUsb HD^Uio 



Eneinecrs in Chuge. ity J. W. Urquhakt, Auibor < 
" Dynamq Canslruclion,'' &c Second Edllion, Revi 
3.4 pp., widi %% lllu,u.tions. Cown 8vo, dqlh. |/. 

t MARINE ENGINEER'S POCKET-BOOK. 

Consisting o\ u«rul Tabla luid forniulie. Bv Frank P( 

I ELEMENTARY ENOINEERINQ. 

A Manual for Voung 

md^ManBaaneni 'of^ 
ui Appejitlur of Useful 



r "Klraric Ught° 
U PMilUhtd. Tie 



MARINE ENGINES AND STEAM VESSELS. 

A TicKiiH on. Uy Robert Musrav, C.E. Eiebib Edition, 
cl> LISLE, C.E.i^S^niorSuAeroc I'a'^e Biltd dF Ti^e.'" i^D, c 

, PRACTICAL NAVIGATION. 

,fwDtUnl 



.ti<.ng ol 
Ufuitj 



-Book, by Jan 
,-iule MBl£eniui 
by Hehhv Law 
rrvngly balf-bound 



THE ART AND SCIENCE OF SAILMAKINQ. 

By Sahuel B. Sadler, Piactial Sailmaku. laic in the an 
Qther Tllustralions. Small 4to, dolb ...... 



CHAIN CABLES AND CHAINS. 

CoippriiineSiiesBndCurveiafLinlu, Studs, &i;.. Icon For Cables and Cbaiiu, 
Cbain Cable and Chain Making, Fotming and Wcldine Links, Strength of 
Cables and Chains, Certificates loi Cables, Markinc Cables, l^ces of Chain 
Cables and Chains, Hislocical Notes, Acu oF ParTiamcni, Statutonr Tens, 
Charges (or Testing, Ljst of Majiufada • " ■ ■ - ^ - 

Thohab W. TuAiLL, F.E.R.N., M.lnsLC 
Board of Trade, In^wtor of Chain Cable and 
and OuhteI Supeiinieadent Lloyd's Conkmittee on Provinc Est 

With numenxu Tables, Illnstralioiis, and Lithogtaphic Diawii__. , 

doth, bandied boaidi C2 S*. 
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MINING. METALLURGY, * COLLIERY WORKING. 19 

MINING, METALLURGY, AND 
COLLIERY WORKING. 
THE DEEP LEVEL MINES OF THE RAND, 

By G. A. Dekhv, M.N.E. Insl. M.E)., CouiuIIinE EneinECr to Ujc Generij 

Mining anJ Finance CorporalioD. iKL, of London, BtrBn, Paris, and Johao- 
ni^il.ii'-.' Full'- Tll"-'T[ilrd with Diafiuna and Folding PlntK, Royal Svo, 






PROSPECTINQ FOR GOLD. 



and Hints for Proapectors based on pKsonal 

Knperieace. B^ D4N1B1.J. Rankih, F.R.S.G.S.. M.R,A.3. Author of" Ths 

Leader of African Gold P™^tinK''E^i^itioM. wTth in^aiio^'^cbil'i' 
Drawn and Engraved for the Work. F'cap. Svo, leather. ^tt 7/6 

THE METALLURGY OP QOLD. 

A Praotiial Treatise on the Metalluritical Treatment of Gold-bearirK Ores. 
Including the Assaying, Melting, and ReRning of Gold. By M. EissleR, 
A.I.M.E., M. Inst.M;M. Fifth Edition, Enlugcd. With 300 lllnstrations 
and Folding Plates. Medium Svo, clolh. [JkU Publukid. flTiC HMO 



_ , :. With Diagrams and Working Drawings. 

Third Edition, KeviKd and Enlarged. Svo, cloth . .Nil 7/S 

DIAMOND DRILLING FOR GOLD & OTHER MINERALS. 

A Practical Handbook on the Use of, Hodsn DlamoDd Con Drills in Pid- 

i£rCDsu'rfAira^iu"^and'w^king. Ey G?A. De'sSv,"m.°5.E. iMt, S^E., 
M. I.M. and n: Medium Svo, 16a pp., with Illustistive Diagrams. 1 2(6 



'l^^" 






practtcBl dBIa. i^bat 

FIELD TESTINO FOR GOLD AND SILVER. 

A Practical Manna] for PiMspecton and Miners. By W. H. M 
M.N, E, Inst. M.E., A.R.S.M., &c Fcap, Svo, leiiher. A 

THE PROSPECTOR'S HANDBOOK. 

A Guide for the Prospector and Timnller in search of Metal- fiearing 
Vuluabli Minenls. By J. W. Anderson, M.A. (Cunb.), F.R.G^S. 
Edition. Crown Bvo. doth, 3'S I or, leuha, poi^t-book fnrm. 
" Wm tappif a nmeh-lnH wmi. tapaciaj^ amoDif Cotonim, te whosBwarbasci dA 

if idli]^ p^s to which anentt™ la dUwdert. Thfl a^ntiw h« nwH^ vi v"*^ ' 
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30 CROSBY LOCKWOOD * SON'S CATALOGUE. 

THB MBTALLURQV OP SILVER. 

Ores. Including tbe AiEinnE, Msltine, and RcGniDe of Silver Bullion. By 
M. EisELSH, Authoi of ''THE MiulTiugy of Gold," &c Third Edition. 
Crown 8va, doUi 10«6 

THE HYDRO-METALLURQV OF COPPER. 

Being an Accoiuil of Procei^seE Adoptal in the Hrdio-MHalln^cal Tisat- 
mtnt of Cupriferoui Ores, Inilnding the Manufacliuc oT Coiipei Viuiol, with 
ChaplerB on ihe Sources of Supply of Copper and the Roasting of CopperOres. 
% M. EiB&LKK, M.l.M.M. Mcrfium 3vo, cloth. UmtPiiilisitJ. /^if\2ie 

THE METALLURQY OF ARQBNTIPEROUS LEAD. 

\ p™r.!^»l Tr..ii«.or, the Smelting of Silyer-Uad Orw Md the Refining of 
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■ his Son, E. Hhnbit Dahk., , „ „ 

. Large trowo Svo, clolh Wi' Pxbhshcd. Nit ISIO ) 



MACHINERY FOR METALLIFEROUS MINES. 

A Piactical Treatise for Mining Engineers. MelallurgistB, and Managers of 
Mines. By E. Hbnrv Davibs, M.S.. F.G.S. Medium SvD, cbth, 6dd pp. 
With Folding PUt« and other Ulu^tialions. l/wl ^^/iilicd. yn tlBIO 



EARTHY AND OTHER MINERALS AND MINING. 

By D. C Davibs, F.G.S., Author of " Metallifeious Minerals." &c Third 
Edition, Revised and Enlarged by his Son, E. Hehit Davibs, M.E., F.G.S. 
With aboni too lllustialions. Crovrn Evo, doth 12/S 

BRITISH MININQ. 

A Treatise on the History, Discoveiy, Practical DevelopineDt, and Futun 
Prospects of Ueuiliferous Mines in Ihe United Kingdom. By Roskit 
Hunt, F.R.S., lue Keeptr of Mining Records. Upwaids of 950 pp., with 
930 Illiutiatioos. Second Edition, Ret^sed. Super-royal Svo, cloth £3 2a, 
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THE MINER'S HANDBOOK. 

ReJcRDce □□ ihc lubiKU of Mineral Drponu, Mining 



OfKralioiu, Ore Dr „, 

in Mining MjUlerS. Bv jph* »i;-n«, r^f\.c>., j-ruicvAn ui ikLuiuiH Jn LJI 
ImpcHaiUDivcrsityor jipm. Third Kdilion. F<:ap. Gvo, leatbu . 7/1 

THE IRON 0RE5 of GREAT BRITAIN and IRELAND. 

Tfacir Mode o( OccamDce. Age uid Olivia, ud Ihc Milfaodt of Searching k 
and Wotking Them. Wiih a Notice of some of Iht Iton OrMotSpoin. U 
J. D. Kendall, r.G.S., Mining Eagiaea. Crovm Svo, doth . . 1 6J< 

MINE DRAINAGE. 

A Complete Praclical Treatise on Dinct'Acting Undcrgnmnd Steut 
Punning Machinery. By Stk 
md EnlujEd, j9Dt^ Wilb >; 



ELECTRICITY AS APPLIED TO MINING. 

A PiaddoilTreatiiiefor Mining Engineerii, ByARNOto LufTON.M.Inst.C.E., 
M.l.li:.E.,G.D.AsptHALi.FABR,M.I.l<:.e., and Herbert Perkin, M.I. M.B. 
Witb a large number of IllusDations. Medium 3ya, clolta. 

IJ^lFMiiAid. Nil 7/6 

THE COLLIERY MANAGER'S HANDBOOK. 

A Coniprehen<ive Treali» on IhE LaTinE-oul and Working of ColliHiet, 
De!igned as a Book gf Reference for Coliieiy Manageti, and for tlie Um of Coal 
Minine Siudenia preparing for t1rafcla« CeriiBcatei. By Caleb Pahkly, 
Mining Engineer and Surveyor ; Member of the North of England Inullule of 
Mming and Mechanical Engineeri; anil Member of Ibe South Wales Inalilute 
of Mining Engineer. With 700 Plans, Diagrami, and other Illuitrationi. 
Fourth Idiaon, Rensed and Enlarged, medium Bvo, over ojo pp. 
Strongly boiud £1 Ba. 



nly flTaii at ■ CDvpavhenslv* nteniKe bonk of ■ Tan* higli on 
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M CROSBY LOCKWOOD «■ SOW'S CATALOGUE. 
COLLIERY WORKING AND MANAQBMBNT. 

Comprisine the Duties of K CDllieiy Muueer, the Over±iehI aad Arrange- 
ment Df Libcut and Wiges. sDd Ibc diecrent Sysluos oF Wotldne Coal 
Seams. By H. F. Bulk an and R. A. 5. Redhains. jgj pp., with 

MedinmlvoTdMh. " " """' "" " " ° y^i ftlWuMd.'^l'siO 

COAL AND COAL MININa. 

By Ihe lau Sir Wabinoton W. Shtth, F.R.S., Chief iBspedm of the 
Mines of Ibo Crown. Eighth Edition, Rovisod and Eitended hy T. Foustsk 
BkoWN, Mining EnEtneer, Chief InaRCtor of the Mines of the Crown and 
oftheSuchv JCarnvaJI. Crown E>o, cloth. \Ji>tl Puiliilud. 3/6 

[ NOTES AND FORMUUC FOR MININQ STUDENTS. 

By John Herman MnivALa, M.A., Late Proftsoi ofMininE in Ihe Durham 
Colltge of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 
Enlarged. By H. F. BuLMAH, A.M.lnst.C.E. SmaU crown Svo, cloth. 2/6 

INFLAMMABLE OAS AND VAPOUR IN THE AIR 

(The Deteclicn and Meusuitment of). By Frahk Clowss, D.Sc., Loud:., 
F.I.C., Prof, of Chemiwry in the Univerjjty Collide, Nottingham. With a 
Chapter on The Detection and Mbasuihmeht op Pbtbolbuu Vafodr 
bv ItovEBTON Redwood, F.R.S.E., ContultinE Adviier lo the Corporation 
of London under the Petroleum Acts. Crown gvo, cloth. Sit SIO 



COAL & IRON INDUSTRIES of tbe UNITED KINGDOM. 

Comprising a Description of the CoaJ Fields, and of the Plincipol Seuna of 
Special Varieties. Also, an Ao»unt of Ihe Occurruice'ofl^^ies in V^s « 



, -ties. Occurrence, and Use. By Robert H. Jonbs. F.S.A., 
Mineralogist, Hon. Mem. Aibestos Club, Blaclt Lake, Canada. With 
~ Collotype Plates wid other lUunialions. Demy Gvo. cloth. 

U<at Pftlishid. 1 610 



TRAVERSE TABLES. 

For use in Mine Surveying. By W. LlHTEHN, Mining Engineer. Crown 
Bvo, cloih. IJuil rKl/hitd. Nil S/O 
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ELECTRICITY, ELECTRICAL 
ENGINEERING, &c. 



aUBMARINB TELEGRAPHS. 



DYNAMO ELECTRIC MACHINERY: Its CONSTRUC- 
TION. DBSIQN, and OPERATIO\. 

By Samuel SiiELno«, A.M., Ph.D., PigfKsor of Physics and KlctiricU 
Eneinernne al Ihc Pclylcchalc Inilitute at Biookljn, asdsled by KonAkT 
Mabon, B.B. 

Vol. 1.— DIRECT current' MACHINES. ' Third Edilion, Revised. Litji 

vo. I piiBf5,wi so " {j!^t p^iisiuJ. N4i 12/0 

Vol. II.— ALTERNATING CURRENT MACHINES. LatBt crown 9™. 360 

pages, with 184 Iliu'tialioai. Utut Pi'ilulud. JWf12/0 



THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consui;[« oTModem Rules, FoimulB, Tables, snd Data. By H. R. Keufe, 
M.ln5t.E.E., A-M.Inst-CE., Technical Officer Postal Teiegraphs, Auiho. di 
"A Handbook of Electrioal TestioE," ^c. Second EdilisQ, Raised, with 
Additions. With Dumeious lilusiTairaai. Royal jimo, oblong, leather fi/Q 

ELECTRIC LIGHT FITTING. 

A Hsndboolc foe Working Electrical EnEineeri, embodyini; Praolicsl Notes on 
" ■ ■■ .... 'V. Ubquhabt. With numeronj lllnMialions. 



evised. CtD< 



ELECTRIC LIGHT. 

Its Production and Uk, Embodyinj Plain Directions for 1 



UilftMiiliul. 7m 



EnEineer-Construr 
BoSdi„.-- ■ 



ge. Embracing Framework Building, Field Maenel and Armature 
g and Gioupine, Compounding, fie By J. W. Ubquhaht. Second 
1, BnlQiged. down 8.0, cJotb 7/6 




14 CROSBY LOCKWOOD «- SON'S CATALOGUE. 

ELECTRICAL AND MAQNETIC CALCULATIONS. 

For the UseoF E]«lrica! KnpnHn and AniMO., Tachtri, Sludenti, and all 

Bv A. A, Atkinson, Piofosmr of Eleciricily in Ohio Uiuver-J-y, Crown Svo, 
clbth. U^al fi'MiMitd. Na BIO 

^THE ELEMENTS OF ELECTRICAL ENOINEERINQ. 

the PolylMh^c' R^cnl slKtrLond^. Wilh upwards of k» Illaatnition., 
Den.y Svo, clolh. Uki/ Fni/iiitd. tlil JIB 

J THE MANAOEMENT OF DYNAMOS. 

A Hindy Book of Tlnninr md Practice for Ibe Uk of M«h»nici, Kngineo-!. 
Sludenu. and others in Charge of Dynamoi By G. W. Ldmmis-Patkrson. 
Second Edilian, thoroughly KerUed ind Enluged. Crown Eva, cjolh, 4(6 



THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopzdia of Words uid Terms Used in tiif Practice o 
Eneinciring. By T. O'Cobok Sloahb, A.M., Ph.D. Thin 
wilfi Appmdii. Crown Bvo, Mo pp., 350 Illustraiions. cioih . 



e El«tri;ians, and Seagoing 
KnEin«rs-in.ChBrge. By J. W. UiiquH*iiT, CE, Second Edition, Reviad 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 
with Particulars of the Cost of Plant and Working. By J. H, Koii^BT. 
Tliir.l Ed itiun, Reviled. Crown Bvo, wrappa. [/usl Publishid. 1/0 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.Insl.CE., M.lnsi.E.E. Fourth Edition, 
Revised. With 16 Illustiations. Crown Bvo, cloth. \Jt,il P»blishtd. 1/6 

DYNAMIC ELECTRICITY AND MAGNETISM. 

"Elements o; Static 
lions, cloth . 10/6 

POWER TRANSMITTED BV ELECTRICITY 

And applied by the Electric Motor, including Electric Railway Construction, 
By P. Atkinsok, A.m.. Ph.D. Third Edition, Fully Revised, and New 
Mailer added. With 94 Illustrations. Crown Bvo, cloth . . Net 9'0 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing numerous lllnstralions and 
Detailed Instn^ctions for Constructing a Sm^l Dynamo to Produce the 
Electric Light. By ALriBii CROFTB. Silth Edition, Revised and Enlarged. 
Crown 8vo, cloth. (/!«( P«biKlui. gfO 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 650 pp.. with 4J0 Illustrations 



Bv Philip Atkinson, A.M., Ph.D., 
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ARCHITECTURE, BUILDING. Sv. ij 

ARCHITECTURE, BUILDING, &c. 
PRACTICAL BUILDINa CONSTRUCTION, 

A Handb<iok for Slailenu Preparing _far Gxaminslians, and a Booli itf , 

Si^^m! Lectum' ™ BiSine 'consnunfod ai^ lie Durh^ c'ollic ai 
Scittice, Newcaslleon-Tyne. Third Edilion, Rcviswi and Enlnreed. 
Medium Svo, 450 pp., with ,,ooo IHuainiiions, cloth, [/uil Publiihtd. f (6 

PRACTICAL MA50NRV. 

A Guide to the Art of Stone Cuttuig. Cainpdung the Coiuctodion, Senitig 
Out, and WoHting of Slain, Circular Wotli, Arches, Nisheii, Domes, Penden- 
lives, VbuIis, Tracery Widows, Kc, &<:. For the U»: of Students, Muims. 
and other Worlimen. By WiLLiAH R. Purchase, Building Itupeclot to tbe 
Borough of Hove. Tliird Edition, with Glossaryof Terms. Royalivo^i4ipp., 
*i^^ S. It ogn. K U«, sompnsuig near y ,c»^^^p«ue^^aKranis, 

MODERN PLUMBING, STEAM AND HOT WATER 

HEATINO. 

A New PrecticaJ Woili for the Plumber, the Healing Engineer, the Architect, 
and the Builder. By I. I. Lawi.eR, Authorof " An.ericanSaiulary Plumbing," 
&i:. With 184 lllustralijnsimd Folding Plates. 410, clolh. 

U"" P-M'^/t"*- IVel 21/- 

HEATINO BY HOT WATER. 

Private and HoriuaiHuraJ BuiLdines. By Waltks Jo~ks, Second Ediiioa. 
With ;i6 lilustralions, crown Svo, cFoth SU 219 

CONCRETE: ITS NATURE AND USES. 

A Bixik for Architects, Builders, ContisclDrrL and Clerks n( Works, By 
Ghorge L. Sdtci.ipi'b, A.R.I.B.A. 350 pp., with numerous inuslralioni. 
Crown Svo, cloth 7/6 

LOCKWOOD'S BUILDER'S PRICE BOOK for igos. 

A ConprebenMve Huidhoolt of the LUest Prices and Data for Builders, 

Greatly Enlarged. By FMANCts T. W, MiuLKR. iaa closely-printed pages, 

^' Thh hoah Iv m verv melut ddb. md shauld And 1 plufl Ln vwrtj Eniillgh aOer 
with tho bulldlnff snrt m^lMBriDH pmfoBiDiiB,'"— /"(iwiPrtri. 
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l6 CROSB7 LOCKWOOD *- SONS CATALOGUE. 
THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

R; Sii WrLLIAH Chahmbs, F.R.S. Wilh Fantiil, lUostruiiiDt. Notu, snd 

in EllHINATION OF GdECIAN AkK [TMCTU RE. by JOUPH GwiLT, F.S.A. 

Revised imd EHiKd by W. H. LUD^. M PUto, ito, cUxb . ai;0 

THE MECHANICS OF ARCHITECTURE. 



1 



tpplicd M«luuiici,Bp«ially Adapted <a thr Uki 
N, M.A., Author of ''Tbe Scimce ' " 



By K. W. Taiin, M.A., Author of ''Tbe Sc»n« of SuiJdliii 

ildiliea, Snlvtei. Illuutued with iij DiicnMS. Ciawn Bvu, i.iuiu do 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being > Scriu of DBiini r» Villa Ruidencu in rarioui Styles. Wiib 
Onlline StudficiuioiB und Eminuuet By C. Wicitis, Archiieci. 6i Plaiei, 
4I0. bair.fnorDc»», glli cdgei £1 11,. 6d. 

THE ARCHITECrS OUIDE. 

Beinf iTcit-book orUieful iDfomHtion for ArchltKti, Eneiiwcn, Sarve^ors. 
Third iLditlcin. Cmini Bvg. cloth ' ' , SfS 

ARCHITECTURAL PER5PECTIVE. 

The whole Cixirie and Operationi of the DnuchtiniAn in Drawing s Lu-ge 
Hoiue in Linear Perspeclive. llloHrUed by 43 Folilitig PIaIh. By F. a. 
FiBCUBOK. Second BililiDn, Knlajged. Jvo, boardi .... 3^6 



PRACTICAL RULES ON DRAWING. 

For the Operailve Builder and YoDni Student In Aichlledure. By Ghorgi 
Pvnt M Plate., 4lo, board. 7/6 

MBASURINQ AND VALUINO ARTIFICER'S WORK 

n]h«Stu<Ient'iGnide (0 the PraMice oO. Conlaining DiioctliMis for takinf 

Tablu'cJconttMi'irforVsluaclo'n'of Labour, and for the Calculation of 'Area, 
and Soliditie.. Originally edited by K. DoMotr, Arehiiea. With Addition, 
by B. W. Tain, M.A. Seventh Edition. RtiriKd. With 8 Plates and 
6] Woodculi. Crown 8 vo, cloth. [Just PHiliiii.i. Jits 

" Tbli •dlllDn Mil be (aund Ihe icon cnmplue tniUn on Ibe prindplu nl neuuitnf and 
valuing inLAurmfk Itnl liai yM been publlUwl "-f-I'dlai,. /^m. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

Tat Builder, and Surveyor.. Conlainlng TechnioU Dlmioni for Meuuring 
Work in all the Building Trade., Completir Specjficaiiooi Tot Uouuu, Road., 
Mid Diaini, and ui Ea.y Method of E.iiinaluii the paru of a Building 
collectively. By A. C. Bbatoh. Ninth Edition. Wiutcoat-psdiet liie, 
gill edges 1/S 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Ajcbiiect. Engioeer, Suiveyar, and Builder. With an Ksay 
on tbe Structure and Science of Modem Buildinp. Upon (be Ba.is of the 
Work by Alfkicti Bakthouomrw, thoroughly Kevued, Corrected, and BXeatly 
added to by FiEDBBicK Rogers, Archiiecl. Third Edition, Revised. Svo, 

cloih ia«j 



THE HOUSE-OWNER'S ESTIMATOR. 

Or, What will it Cost 10 Build, Alter, or Repair? A Price Book for Un- 

f. D. Smon.*°'Ediied'°by F. T^W. Millkk, A.^T^.A." Fifth Edition! 
"---'"-"eYMd. Crown Bvo, doth. \J%U PtAliihtd. ffil Zia 




SANITATION AND WATER SUPPLY. 



SANITATION AND WATER SUPPLY. 
THE BACTERIAL PURIFICATION OF SEWAQEj 

Being a Practical Account a( the VaiiDos Mddem Biological Methods of 
Parifylag Sewage. By Stdhev Barwisr, M.D. (Lmul), Jl.P.K, (Ciinb.), 
etc. With lo Page Plst« and i Folding Diagiams. Royal S'n, doth. 

[/Ksl PuilisifA Ifel QIO 

THE PURIFICATION OF SEWAQE. 



Beine a Brief Account of the Scieolific Principles of SrwBge Plirificillion, ajld 

ihejrT'raciical Application. By Sirhev " " *■ " ■• -^ - 

■L \ t^ii„.. ^t ,1.- c — :. — insijtuto, neaicai umcer ot Heaim 
m Evo, cloth, [/wf P%ilislud. SIQ 



P.H. (Can 



Application. Bt Sidhev Barwish, M.D. "(Lo 
), fellow of the Saniuuy Institute, Medical O 



WATER AND ITS PURIFICATION. 

A Handbook for the Uk of Local Anthoridei, SanitBry OfBceri. and othetE 
btereited in Water Supply. By S. RtDBAt., D.Sc. Land., F.l.C Second 
Edition, Revised, with Additions, indudine namaous Illustrations and T.-iblen. 
Large Crown a™, cloth. [JiHl PiMislua. Iftt 9/0 



RURAL WATER SUPPLY. 

A Piaclical Handboak on the Supply of Water and Consltaction of Water- 
worluL for Small Conntrr Districts, By Allan GRKB^^waL^ A.M.I. C.E,, 
andW. r. CusEV, AM.I.CE. Revised Editioo. Ctowo 3vo, cloth S/O 

THE WATER SUPPLY OP CITIES AND TOWNS. 

By William Hukbei, A.M. Inst. C.E., and M.Inst, M,K Inrp. 4'°, half- 
bound morocco. {Seepage.^.) l^ti SA 6%. 

THE WATER SUPPLY OF TOWNS AND THE CON- 

STRLCTION OF WATER -WORKS, 

By PaOKESSOK W. K, Burtow, A.M. Inst. C.E, Second Edition, Revised 
and Extended. Royal Svo, cloth. (See page lo.) .... 26/0 

WATER ENQINEERINQ. 

lion of Water for the Supply of Towns. By C. Slagq, A.M. ln». C.E. 7;B 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

ByCHAHLEsSLAcx, A. M. Inst. C.E. Crown Bvo, cloth , . . 3/0 

SANITARY ARRANQEMENT OF DWELLINQ-HOUSES. 

By A. J, WALUs-TAVLKa, A.M,Insl.C.E. Ctown Si-o, doth - . 2/6 

MODERN PLUMBING, HOT WATER HEATING, &c. 

A New Piaciical Work for the Plumber, the Heating Engineer, the A.chilcdt, 
and the BuUder. By j. J. Lahlkb, Author ot " Amencan Sanitary Plumhing," 
&c. With 3B4 Illu!£trattc»is and Folding Plates, 410, cloth. 

|^«(/^to*t</(6eepageii5). Kit 21/- 

PLUMBING. 

A Te>l-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BiTCHAH, R.F. Ninth Edition. Enlaiged. down Bvo, cloth - 3/6 

VENTILATION. 

A Text-book to the Practice of the An of VenlPaling Building, By W, P. 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanilary Practice and Law, For Medical Officers of Health, 
Sanitary Inspector;, Members of Sanitary Authorities, Ac By Edwabd 
F. WiLLOUGHBV, M.D. (Land,}. &c. SiMvmel Edition, BFvL<;ed nnd Enlnrged. 
Fcap, Bvo, leather. \J^i Published. Nit 10/6 



^^^^ THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

^r A Treatise Da the Pressure ud eqniLihrioid aTTunber Framing, ibe Resbturee 

■ of Timber, end the ConstincdaD of Floors, Aichei, Bridget, Roofi, Ui ' ' 
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CARPENTRY, TIMBER, ftc. 



Sc, oitb Desdriplions of tbe kindi al Wood 1; 
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E. WnroMAH 



s, PoTtraJi of tbe Author. And several Wooden 
o,dolh 



WOODWORKINO MACHINERY. 

ts Rise, Progress, end Construclian. Witb Hints on Ibe Management of Sa* 



Mills and the Economical Coovenian of Timbei. Illosl 

Designs by leading Enslisb, French, pod American Engineers. By 



i Edition, 



SAW MILLS. 



THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenti-n ; comprising all the Eltintnlory Principles 

N?CHOLS0N'5*I8ndanf«o"rk" A^Ne» Ed5ion,Revi^"byA^HUHAsHPiTBi., 
F.S.A, Together wicli Practical RulM on Drawing, by Gkohgk Pynk, 
With 74 Piates, 4ta, clotb .... ... £1 1 m. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding Ihe Pilch of the Planlt, Drawing 
the Moulds, Bevelline, Jobiting-np, and Sqnarine the Wreath. By Gkohgb 
CoLLiHcs. Second Edition, Revised and Enlaised, to which is added 
ATlEATISE OK STAIe-iLULHiNC. With Platesand Diagnuns . . 2J6 
" wni be Eiluail nf pracdcaj utUy in the nscutlDii oFtlilt dlfficulE biaiiEh arjiilDety."— «MU». 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

GioBGE CoLLimu. With Diagrams. Third Edition, iimo, doth . 2'S 
" An amDent eiaieple al nhu i bocli el thli ktaid ibmilil be, Oiup In price, cleu In 

THE CABINET-MAKER'S GUIDE TO THE ENTIRE 

CONSTRUCTION OF CABINET WORK. 

Drawings. Crown Bvo, cloth. ' Ij'hH Puilisked. 2/B 
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CARPENTRY, TIMBER, S-c. 



HANDRAILINQ COMPLETE IN EIGHT LESSONS. 

:m. By J. S. GOLUTHOBF, Head of Bi 
inicM School. With Eishl Piaics aod ovi 



] Ihe Suusrt-Cul Srslem. 
tparlment, Haiifii Tecbnic 



"" !lBndaidHuni^: Xt^ke 



y eiven Price p« Load of so Feel, &c., &c. By William 



A Guidi for Ihe Use of Building ConiraHors, Surveyors, Builders, gic., 
coraprisine useful Tables foi sll purposes comiEcled wiih Ihe Timher Trsde, 
Marks of Wood, Essay on (he Slreneih of Timber. Remarks on Ihe Growl h of 
Timber, &c. By W. KicHARUsoH, Second Edicion. Fcap. Svo, dolb . 3/6 

PACKINQ-CASE TABLES. 

Edition. Oblong 4I0, dclb ' . , . , aiB 

QUIOE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i Id aoo inches in lenglh by t to loS inches In breadlh. 
For the use of ArEhiiecls, Surveyors, Erg^rs, Timber Mercbanis, 
Buildera, &c. By Jahss HAWKiKcis. Fifth Edition. Fcap., elolb. 3/6 

PRACTICAL FORESTRY. 

By Chahles E. COETis, 

R, and General Esiue 

wnlun. Seconil Edition, 

IjMlPublKhid. B/6 



THE ELEMENTS OF FORESTRY. 

Tr«rfor Snament or Pr^" wilhTi^M^L upo^t' 
Woodlands. By F. B. Hough. Large crown 3vd, di 



1 Foreign, with Gomparalive Values 
1 Landed Cost on Ballii: and North 

is°Retiuletuid Bulder. '"x^'^kdr^jl 
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DECORATIVE ARTS, &c. 



5CH00L OF PAINTING FOR THE IMITATION OF 

WOODS AiSD MARBLES. 

M Tuighl uid PruiiiH! by A. R. Van dbb Buiig and P. Van dbe Bdic, 
Diredon of the RfriterdaBi Puodnp Irulitution. Royal folio, iS^ fay i^ [a., 
ilhutrated wilh >4 full^iie Coloond PLaLb ; also iv p^n Pluca, compiisnia 
ijiFigum. Third Edition, cloih. Wial P-ilitlud. £1 11*, 6d. 

"-»^--MimT GRAm^ KHUTS. At.— E» 9. ASHt PABUMINjiHV 5TACHS AND FrHlSMBD 
IJiti* F1(ODLrCUf& T11>r □IFFBHVrr CKAINS.— 14, J5 £Tlt[>'&-SVE kAPLB; PRQLIUEKAXy 

■'"ID MBIHOW OF MAmniLATltlN. — ■>, ■■. MAMOCANV i HaKUBII STACBS AMD 
mSKBD SFBCllIIll,~-a, ^H. SnUMA KAKBLBi VABIBTIH9 W GUIH, t1IEI,niOU*ir 



ELEMENTARY DECORATION. 

A Guide lo the Simpler Fonnsof Everyday An. Toeelher wilh PRACTICAL 
HOUSE DECORATION. By James W. Facby. Wilh numeruus Illns- 



H0U5E PAINTINQ, ORAININO, AlARBLINO, AND 

SION WRITINQ. 

A Practii^d Manual of. By Ellis A. Davidson. Eiglilh Edidon. Wiib 
Colouied Plates and W«xl Kngiaving^ iimo, dsih bauds . . . 6/0 



THE DECORATOR'S ASSISTANT. 

GUdeis, &c. Conlaining upwards of 600 Receipis, Rulii, ood 
Hleriaimd Liurii^DHa^i^, &c. Seventh E^(^D. tlipt 

MARBLE DECORATION 

Siudmls. I™K)™ H. Blacbo™, AnihS°ot "shmingan 
fcuSdsi.''— dHlUMf Wurld. 
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DECORATIVE ARTS. *<. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDI.eVAL. 

From Ihr Eighlh Century, with NumerKls; including Golhic, Cknrch-Teil, 
krge snd small, Germ^. Italian, Aial»Hluc Initials fur lllominuiDti. 
Monogiams, Cjossm, &c., &c., hr the uft of Aichitecmral and EnginMring 
Draughtsmen, MissaJ Painters, Masons, DecQialive Painters, LithoEraphera, 
Engravers, Carvers, &^., &c. Collected and Engia.id by F. Dblamotth, and 
printed in Colours. New and Cheaper Edition. Royal Evo, oblong, 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

IncluJing Gciman, Old English, Saion, ItaJic, Perspeclivc, Greek, Hebrew, 
Coiul Hand, Engrossing, Tuscan, Riband, Golhic, Rustic, and Arabesque ; 
villi several OrigSial Designs, and an An&lysii of Ihc Roman and Old English 
Aiphahets, large miA amall, and Numerals, for the use of Draughlsracn, 
Surveport, Masons, Decorative Painters, Lithi^aphets, Engravers, Carvers, 
&c Collected and Engraved br F. Dei^hotte, and printed in CdIouri. 
Niw and Chuiper Edition. Royal Svo, oblong, ornamental boards . 2/6 



MEDIEVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. DE1.AHOTTI. Containint it Platu and llluminaltd TiUe, ^nl 
12id Ch^r fidili^. siaiUlo,"oma^eniS boards ''!'' .""."'. "4 



printed in Gold and Colours. By F. DE1.&HOTTE. New and Cheeper 
Edition. Small 410, otnamental hoards 6/0 

THE EMBROIDERER'S BOOK OF DESION. 

E"dSii'lfcal'''llevices,'"M™«!n/''aad''Mod^'Sp'hibets, and NalionS 
Emblems. Collected by F. DetJtHOTTE, and printed n Colouirs. Oblong 
royal Svo. ornamental wrapper 1/6 



INSTRUCTIONS IN WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. By A Lady. Witb 10 Plates. New and Cheaper 
Edition. Crown S.o, in tmblemaUc wrapper 2/0 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Guluce, Paimer, and John Tims!., F.S.A. laduding 
Fnaco, Oil, Mosaic, Waler.Colour, Water.Glass, Tempera, EncaiBtic, 
Minisisre, Paiating on tvery. Vellum, Pottery, Enamel, Glass, &c. Fifth 
EtUtisfi. Crown avo, dolh ' '~ 
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STAR GROUPS. 

A Snulciiii GnidE w die ConaellituiiH. By J. EixAui GoM, F.R.A.S.. 
M.R.I.A.. ftcv, AutM dT "The Visible Unl'ene," "The BiieiicrT of tht 
Hanoi," Ac Wiil>3ciMi)is. Small tio. dotb 5/0 

AN ASTRONOMICAL OLOSSARV. 

Ot, DicriooMTtrfTenntiHed b AHnwovr. Wiib TsWm of Dala «xd Lists 
oT Remukable ind Istenabig Celeuiil Objecu. Bi I. Ellard Gose, 
F.R.A.S.. Aiuba(<"TbcViBbleUiiivet&!,"&c Small auwn Bvo, dolh. 

2/e 



THB MICROSCOPE. 

■od Ibe Past and Taaac a( Ifae MLciwiiDpe. By Dr. Hensi van Hiubck. 
Re-EdiKd and AuEmcnltd fion l1» Foonh French Ediiiso, and Tianslaled 
b/ Wthnk E. Baxtu, F.G.S. ^ao pp.. witb npwaidx of 95a Woodcut^ 
imp. avo, doth 18'0 

ASTRONOMY. 

By the lue R«. Edbkut Mam. M.A., F.R.S. Third Edition, Revisid bj 
William Thvhnk Lihh, B.A., F.ILA.S., larmiaij of the Royal Observatory, 



A MANUAL OF THE MOLLUSCA. 

d'i5co"vkiiiks, by Ralph Taie, A.L.S., F.G.S, With 13 Piaies and 
upwards of ^m Woodcutfi. Repiiat of Fourth Edition fj^'So). Crown Gvo, 

THE TWIN RECORDS OF CREATION. 

Oi, Geoloey and Genesis their Petfect Humony and WoDderfnl Concord. 



w'?V.S 
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NATURAL SCIENCE, <6<. 
HANDBOOK OP MECHANICS. 

ByDi. Lardnbb. EnlaiBcdandre-wriiienbyBBKjuMiM LoEwv, F.R.A.S. 
?7E lllukuslians. PoH 3va, dutb sro 

nudlously wputHr. and care h*a been [alien tfl «icp^t iho aprilicaEiDD ot ihp varioui broDcbs of 
pbinlci LD the iadunrial un, ud ED the pranlcAl btmnflU of lUe.~—^<«jHf ^tfurTid^. 

HANDBOOK OP HVDROSTATrCS AND PNEUMATICS. 

By Dr. L* rdnrb. New Bdilion, Revised and Enlarged by Behjauin Loewy. 

HANDBOOK OF HEAT. 

By Di. Lahdneb. Ediledandre-wiittenbyBKHJABTNLoiWY, F.R.A.S.,&c 
117 lIlQUiations. Posl Sva, cloth QIQ 

H Lurtdns duublE benUiiL^- 

HANDBOOK OF OPTICS. 

3i. Laruher. Nc 
1 193 lllustiuioiu. 



By Di. Laruher. NewEdllloD. BdiledbyT. Olvi 
With IS - ■■ - 



ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Lardnbk. Edited by Geo. Casev Foster, B.A., F.C.S. With 
4<» IQusaaticn^ Small Bvd, clolb ........ BIO 

HANDBOOK OP ASTRONOMY. 

Sy Dr. Lardker. Fonnfa Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Roysl Obsetvaiory, GrMnwich. With 38 Plates and upwards of 
loo Wondcnts. Sva, clolh 9^0 

MUSEUM OP SCIENCE AND ART. 

Edited by Dr. Lardner. With upwards af i,3<» Engravings on Wood, la 
Six Double VoluDiu, £1 1 ■. in a new and elegani iJoih binding : oc band- 
. J£1 11.. - 
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ALKALI TRADE. 

f SuJphiiric Acid, Sulphaw 0! Soda, and Bleaching 
Alkali Manufacrarar, N=woi5ile-upDn-Tyii(i and 
jndon. 590 pp. of Tmi. With 331 lllusliatirjlis and Workmff DnLwing^ 
cond Ejllion, wilh Addilidns. Super-royal Svo, cJoth . , d IQv 

Z IN CHEAIIS' 

Bining all known Methods of Anhydrous Analysis, many V 
dple^ and Instructions for Making Apparatus. By Lieut. -CoWe 
, R.A., F.G.5. With im lUostratiani. Second Editicn, £1 



THE MANUAL OF COLOURS AND DYE-WARES. 

Their Piopcrtits, Applications, Valuaiioos, Impurities aod Sophistication 
For the Use of Dyers, Priolers, Diysailers, Brokers, &c. By J. W. Sl-iTEi 
SecDod Edition, Revised and greatly Eolarged. down Svo, cloth . 7fi 



A HANDV BOOK FOR BREWERS. 

C^'lfi^o^or ModHo" RoeLcli which W^upon the Pncticc'or Brewing. 
By Hkbbbbt Edwaros Whqht, M.A. Second Edition, Euhi^ed. Crown 
evo, 530 pp., cloth. [/usl /'••iliiW. 13/8 
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FUELS: SOLID, LIQUID, AND GASEOUS. 

H.'j. Phillj'psTf.C.s" fomeriyAoalyticd and C^BuldUe ChfJ^to the 
G.E. Rlwy. Third Edition, Revised and Enlarged. Crown Svo, doth 2/0 

THE ARTISTS' MANUAL OF PIOMENTS. 

Aduilentions : Eflecis in Combination wilh Each Olhec and with Vehidet; 
and the most Reliable Teats of Purity, By H. C. STiMDACK. Ciown Svo. 2/6 
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ConuInlnK Tallies, Knlei, wiil Mcmorsndi fat Revenue Officers, Birwcri, 
SiMiil MfH-hanu, kn. Uy J. B. Maht, IdIidiI kelenue. Second Edilion, 
Rtvised. limo, itBitm AlO 
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TEA MACHINERY AND TEA FACTORIES. 

CultiSlbS !J°ihe l^i'piadI'M;d'tl^= ^t^Bdon o?^T™for thrSurlM™ By 
A. J. Wallu-Tavlui, A.M. Iml. C.C. Metlium Svo, 46B pp. Widi >iS 
IIIiuDUiom. UmlPnliiiikrii. JVM 26/0 
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A TTCiUHt on MilJing Science and Praclice. By FBIEimiCH Kick, Imperial 
Keeienmenath, Profc&sor of Mechanical TechnDlofy in tbe ImpsiaJ German 
FD^WcbDic Insciiute, Pngue. Tramlued horn the Second Enlused and 
Re>i»d Ediiion wiih Supplemedl. By H. H. P. PowLES, Assoc. Memb. 
iDsiluIion of Civil Engineeri, Nearly 400 pp. Illmmued witb iB FuldioE 
Plalei, and 167 WmlciilE. Koyal Src, delta £-] 5i. 

COTTON MANUFACTURE. 

A Manual of Practical Insmiction of itae ProqeKsea of Opening. Carding, 
Con^bing, Diawiug, DoubliuE and Spinning of CciEon, ihe Sictbadi of 
Dyeing, &c. For Ibe Uie of OperaUves Overlookers, end Manufectuteis. 



MODERN CYCLES. 

A Praclical Handbook on Iheii Constinclicm and Repair. By A. J. Walus- 
Taylkr, A. M.lnsi.C,E., Auihor of" Refrigerating MacliinOT,'^&c. With 
upwards of 30a lUiuuations. Crown Gvo, clocL Qui! Fublaliid. 1 0/8 
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CEMENTS, PASTES, QLUBS, AND OUMS. 

ubiik rtquitHi in ihe Building, Me Jl-Wotltiog, WowJ-WorWng. and Loalher. 
Working Tiadu, and fm Woibhap. Laboraliuv or OIEce Use. With upward) 
ofc|cnRecip«Bnd FonnuUB. By H. C, Standagk, ClumiEl. TJjird Kdilion. 
Ccawn Syd, cloib. [Jvsl Publishtd. 2fO 
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A Manila! Fnr Papcr-Makn! and Owners and Managei 
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THE ART OF PAPER-MAKING. 

A Practical Handbook oF tbe Manufactun^f Paper rroRi Rags, Eipana, 
Slraw, and other Fihtous Maleriali. Including Ihe Manufacture of Pulp froni 
Wood Fibre, wilb a Descriptimi af the Machinery and Appliances UMd. To 
which are added Details of ProMsas for Kecovering Soda from Waste Liqaon. 
Bv AcKiANnBH Watt, Auiborof "The Art of Soap-Maldng." With lllna- 
Itationi. Cr™i3™,cioth 7/6 



A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Mauulactnre ; Complete 
Table; o! %\tss, and Specimens of Different KincU of Paper. By Rtchard 
PABKiKsaN, late of tbe Manchester Technical Scnool. Demy Svo, cloib. 
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THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations otTanning, Curryiug, 
and Leather Dressing are fully Described, and the Principles of Tinnini 



Closing and Making, with a Description of the most approved Machinery 
Employed, By John B. Lehq, late Editor of £1. Criipiii, and Thl Boat ami 
SlKt-liakit. iam<>,dath 11.^ 
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MODERN HOROLOaV, IN THEORY AND PRACTICE. 

of Uucalagy u Macon, tiy Julien Tripi-lin, f'.R.A.S., El»:mcan Woidt 
MuuTiiclDrer, vid Edwakd Ricg, U.A., Akstct in the Roysl Mini. W~uh 
SociUr-cithl Wosdcatl ind T-wcxOf-Swo Cdonrsl Capper Flales, Secood 
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THE WATCH ADJU5TER'5 MANUAL. 

A Practical Guide for the Watch and ChronomeceT Adjoster in Makinj-, 
ByC, E. FsiTTS. 370 pp., Bitb Illiutratioiu, Sm, d«h . . . IB/O 

THE WATCHMAKER'S HANDBOOK. 

Intended IS a Wcukshop Companion for IhoM eoiaged in WuchmaldnE and 
H» AUied Methmiod Am. Translated ftom the French of Claud — 



A HISTORY OF WATCHES & OTHER TIMEKEEPERS. 

By Jambs F.KENCAi„M.B.K.[n<i. Boards, UB^ or cloth, gilt . 2f6 



ELECTRCPLATINQ&ELECTRO-REFININaoFMETALS. 

Being a new edition of AuiXANiiER Watt's " Electbo-Deposition." Re- 
vised and Largelr Kewrilten by Arhold Pmiup, It.Sc., A.I.E.E., Piindpal 
Assistant 10 the Admitslly CtiesiK. Large Ciovrn 8iro, cloth. 

[/lui Pubtishid. Nil. 1 2.'8 



JEWELLER'S ASSISTANT IN WORKING IN QOLD. 1 

LA PrBClical Treatise for Masteis and Workmen, Compiled fioio Ihe Experience I 

of Thirty Years' WoikilionPraclicii. By George E. Gee, Anikor of "The H 

Goldsimlli's Uaodhook," &c Crown Svo, clotb 7/6 n 
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ELECTROPLATINQ. 

A. PrauiCEl HundbDuk on Ihc Deposition oT Copper, Silver, Nicktl, Gold, 
Edition, K««rf. 'Crown a™, clolh. [/»« /■»Ml&.rf. 6/0 

ELECTROTVPINQ. ^M 

bTIta^Sro.i>oposilionof&«^ % J. W,i5rquhart,C,E. Ctown Sv^ ^H 


OOLDSAllTH-5 HANDBOOK. ^H 

By Georgk E. Gbk, Jeweller, &c. Fifth Kdilicm. lamo, doth . , 3/0 ^^^ 

SILVERSMITH'S HANDBOOK. 

By GgOBOK E. Gbb, JeweHtr, &c Third edition, *itl. mmuou. Illust™- 


-,• r/u dboM n» nniti togitli4r, ilnmgly kaif-bouni, ptia 7s. 

SHEET METAL WORKER'S INSTRUCTOR. 

Compri^g B Seleclion of GeometEioo] Probkml Uld Piaclical Rules foe 



BREAD & BISCUIT BAKER'S & SUOAR- BOILER'S 

ASSISTANT, 

InclDiIing a Imge vaHeiy of Modem Recipes. With Remarks on the An ol 
Btead-raaltins. By RnnEn-r Wkli.5. Third Edition. Cm™ Svo, cloth , 2/0 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Holds, Beslsuiants, and the Trade in general, sdapttd also for Family 
Use. HyR.WEi.lJ, Authorof'TheBreidandBIscuilBakei." Crown St^ 
iJoth 2/0 

ORNAMENTAL CONFECTIONERY. 



. By Robe 
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THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RETAIL. 

ConlsininEalaree Collection ofRecipes for Cheap Calces, Biscuit!, &c. With 
[cnurks on the Ingredients Used hi their Manafaciure, By RoBEKT Wei-I^, 
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HANDYB00K8 FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 
Kdil« o( " Work " (Nt-Stiiri), Aulhor of " Laiht Woili," " MUling Macbin 
Crown B™. iu PP-, price is. each. 
Tluu KAHiivBoaiis koH bft» mriitBt to mpplr tn/cnniiMm /or Woriciiiui, 
Stcuhts, ami Ahatiuhs h Iht avttat HanJtcta/ls. w Iki dcCuaJ Practice q/ 
(kl WanKSHOF. ofuj an Mtetdvl to comt^ im ftaiu lantuagi TscnHiCAL Know- 
UPOBo/OwHwraJCiiArrs. /» il«cri*Bij «*« pfo«Mn jM^j^il, o*i I*i mom^ 
loJtm D/ malTiaJ. vorfaliap Itmu an iiMit .- morltikiip practia u futty tiplaitud ; 
Md (*■ lit it /r«Jj iUiuIrolid Kitli draBwgi of modm tooli, appluutca, and 

THE METAL TURNER'5 HANDYBOOK. 

A Piiu:lical MjuiuaI Tor Waiken U ihe Fooi-Luhl, Wftk over 

THE WOOD TURNER'S HANDYBOOK. 

A Pmclidl Minuil r« Wmken at [be Lathe. With ova ISO lUutntlofu. 
■■W.™:oB,m«Hb.b«,kt ou tummwd^i™™. A mumm*. of -.*.«. liH 

THE WATCH JOBBER'5 HANDVBOOK. 
THE PATTERN MAKER'S HANDVBOOK. 

A PracHcal Manual on ths Con^tiacdon af Patlemt [ot Founders. With 
upwardsof.Killliisiraiioti^ . 1/0 

THE MECHANICS WORKSHOP HANDYBOOK. 

A Practioil Manual on Mechlinital Maoipulajion, embracing Infoimmioil 
on various Hundiciaft Piocesso. With U«!rul tioles and MJKellaneom . 
Memoranda. Corcptinng (.hout ™ SuhJMls .• I/Q I 

THE MODEL ENOINEER'S HANDYBOOK. 

A FracHcal Manual on the Constiuction of Model Steam EngincG. With 

THE CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual du CleaainE, Repairing, and Adjusting. 
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THE CABINET MAKER'S HANDVBOOK. 

A Practical Manual on the Tools, Materials, Appliancei, aniT Proci 
employed in Cabinet Work. With upwards of loo Illustiations . .1)6 

THE WOODWORKER'S H-«>(DVBOOK OF MANUAL 

INSTRUCTION. 

EmbradnE Information on the Tools, Materials, Appliances and Pn» 
Employer in Woodworkiue;. With 104 Illuslrations. ... - 
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COMMERCE, COUNTING-HOUSE WORK, 
TABLES, &c. 



LESSONS IN COMMERCE. 

Bv Piofcssor R. GnuBAKO, of ibc Royal Hish Cammcrcial School 
EdiKd and Rtviscd by James Gault, Prafssnof CommMccsnd C 
Law in KJog's College, London. Fourth Editinn. Cronni Svo, clot 



THE POREIQN COMMERCIAL CORRESPONDENT. 

[da 10 CommercEal Con«spundence in ¥ivv LanguaECS — EnElisfa, 
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Prencb, Gcrnmn, Itsliui, and Spanjah. Bv CoHRAD E. Bak 
Edition, Caisfully Revised Throughont. Ciown Evo, dolb. 









Nomenelaluie of Machine Delails; the Income Tu Acti: Ihe Rating of 
Facloiiea; Fue and Bmler Inaniance ; ih* FKtocy Mid Woikihop Aeu, &C,, 
including also a Glossair of Ternu and a large nnmbei of Specimen Ruling!. 
By EutLB Gabcke and J. M. Feuj. Fifth Edition, ReviHd and Enlartirjd. 
Demy Bvo, clolh. [/ik( PMishcd. 710 






an Appendia coniaining a ptDpoKd English Sysicui. By Lowis D. A. 
Jackson, A. M. Inst. C. E., Anilior of " ^d to Survey Practice," fie. Large 
crown Svo, iJoth 12(6 

A SERIES OF METRIC TABLES. 

In which the Bcitisb Standard Measures and Weights are compared with EboH 
of tbe Metric Sy.'tem al present In Use on the Conlincac. ByC. U. Dowung, 
C.K. Bvo, snongly bound 10/3 
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NUMBER. WBIOHT, AND FRACTIONAL CALXULATOR. 

cvL. «Dd £vi am ioa» 04' viy anmber of krticlca coOKcuunLy, horn r to 470. 
Abt numbs of cvil. an., uid lbs., Irom i cwl, to 4T0 cwti. Anv number of 
MIS, cwts., qtL. udlbL, irom > Is i,<» Iwu. By Williax Chaohick, 
- - -- rd Edition, ReviKsL Ivo. uiDO|ly b«iiid . ^BIO 
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THE WEIGHT CALCULATOR. 
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Edition, omfiillv 



THE DISCOUNT QUIDB. 

Ceaptiiini Hvanl Said of T>blu for Ibe Uh oT Hercbunu, MuubctoKri, 
lianneosn, iBd Oib«r>,l>Twbicb nuy be (Kvuiosd ilii Exact Profit acuini 
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le/f^l'ei of Piofil D. 

" By"ii"«'«'K;.«H: 



Demy (vo, half-bound . £1 Ss, 



TABLE5 OF WAGES. 

Oneq'uu'iJ'°.rfuitiaur'la sEay-fouc boun, in eacb%Me°u Rale> ofWagu 
advancing by One Shilling from 4>. lo SSI. l«r weeli. By ThoS. GahbUTT, 
Attounlanl. Squaie crown 8™, half-bound 6^0 



IRON-PLATE WEIGHT TABLES. 

1 tool by t> in. by J in. 10 lo feel by } feel by i I 
K. IbL lu the tquaie fool of Iron J 1 inch in 
and W. H. SiuiKiN. tin, balf-b«m<I . 
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MATHEMATICAL TABLES (ACTUARIAL). 

Comprijlni Commutation and Connersion Tablea, Logarilhmj, CoioKatiLhau, 
Aniilogariihmt and RFcmrocais. By J. W. GoiuaH, Koy^ Svn. muuntsd 
on canvas, in clolh c3s«. [/ml /■uWiiAid. a/O 
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AGRICULTURE, FARMING, 

GARDENING, &c. 

THE COMPLETE QRAZIER AND FARMER'S AND 

CATTLB BReBDBR-S ASSISTANT. 

A Compendiuin of Husbandrv- Originally Wtiltep by WiLtimi YOUATT. 
Faunccnth EdkiDn, enliidy Rc-wHEten, considerablr Enlarged, xird hiGughL 
up 10 Ftnrni Requiiemenii, by Williau Fbeah, LL.D,. Assi^Iant CsD' 
n^onsr, Royal Cammbsioa od Agiicullurt, 1S93, Autbor of " The ElemEOU 

bundsomsly bound. * ' ' ifn'il P^liiiid. £1 11*. 6b. 



tw^abmyf>iVae\L'— Worth Sr^lijitAsn(t4la'riil. 

FARM LIVE STOCK OP QREAT BRITAIN. 

Rmai Economy in IbcOnLvHsity of Ediliturgh. 'TwS'&JiliwT'S'ol^lShly 
Slodc Demy Svo, 334 pp., with 79 PlUesaiiil Maps, clotb. . 12/6 

NOTE-BOOK OF AGRICULTURAL FACTS * FIGURES 

FOR FARMERS AND FARM STUDENTS. 

JcCoNKEtL, B.Sc, Fellow of Ihe Highland and Agricallnral 




THE ELEMENTS OF AGRICULTURAL OEOLOGV. 

A ScicDilEc Aid 10 Practical Farming. By Pbiurdsb McCokkell, / 
of "Nou-Book of AgricDllaccl Facu and Figuns." RoyaUvo, doth. 
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■ •BRITISH DAIRVINO. 

Val^wUwWaikDllhfD^vhRiL F« the Uh ef Ttct 
:■ CTnni*. Siudwi io AcrinJiiinl Colkzei u>d ibc Wotkioe Dairy- 

__ ^., . . ^ yr,Oi lllD«iUi«H. SteondEdition, 

iJnitPmiUilmt. 2J6 
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ilULK. CHBESe. AND BUTTER. 

iJbaak on tlni Pmiiciliii >»d Ihc PigcEna of lliib Piednc- 
' A OiHpm d^ Cnwq Jbnd tbc M'tbodi of lu SepafKifoa frotn 

MOk. *> Jon Oiii", '■'- Pri~-i~i "t >h. w_.-™ n.r™ i„..i™~ 

•^^-■-. inihCekwndt 



SYSTEMATIC SMALL PARMINO. 

tk, n* laiiani of Uy Fm. IMbc mi Imrodudioi 
Pnate* ta SmJI Finciv By R. Scdtt Burnt, Auil 
HadMi rarauv," kc Cnm Sn. doth. 
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OUTUNES OP MODERN PARMINQ. 

B» R. SCDTT Bu». Suik. Miniirei. uul Cropi— FMnnbg ind Fuming 

* " — 'i, Sbeo, (nd Hoo»— MuBBgeipenl of Daiiy, Pisi, md 

, ^™o(To<m-Sew»i«, lm(«ion,ftc, Siilb Edilioo, In Ont 

V<i,i.i$»pt>,b>lf-tK>ii>>d, pnAuely lIlusiUBl 13;0 

I. FARM ENQINEERINO, Tbe COMPLETE TEXT-BOOK of. 






^tU IMpleiMlu uh4 Mnchbica ; Afirkiilliinl 
Jou Scnrr, In On* Vol., i,ijii p|>., hdr-boun 

niB FIELDS OF QREAT BRITAIN. 

A Tut-Dooli of Afrieullon, Adapted lo the SyHmbiu of iIm Science u 
An DctwliHut. Fx Kluoiuiy and Adnnced Studenu. By Hoc 
r- , (Bovd of Tndt). Seccnd Edition, Revised, wilh Addition 



TABLES «Bd MEMORANDA tor FARMERS, QRAZIERS. 

AORICULTURAL ATUDENT^ AURVEVOR^. LAND AQENT^. 
AUCTION BBRS. Ac. 

SiCNSY FnATiCIS. Fifth 



THE ItOTHAMSTED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR PARMBR5. 

Put I. Stock. P*ii II. Cuora. By C. J. R. Tii-PEt Crown Bvo, dotb. 
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FERTILISERS AND PEEDINQ STUFFS. 

A Handbook (or the Pi«Ii<^ FsnneT. By Bebnard Dvxb, D.Sc. (LondO. 
With llie Teit of the FcnLlisers and Feeding Sluffs Acl of 1893, &c Third 
Edidon, KevlHtd. Ciown 3va, cJoth. { J Uit PuSiiiluil. 1/0 

BEES FOR PLEASURE AND PROFIT. 

A Gaide to the Manipulalion of Be», ihe Pioduclion of Honey, and the 
GcnEisl Managcmcm of Ihn Apiary. By G. Gordon Samsuh. With 
o™av>u5 IDnstrations. Crown Svo, iv,apper 1/0 

BOOK-KEEPINO lor FARMERS and ESTATE OWNERS. 

A Practical TTealise, presonling, in Thnx F\iua, a System idapted for all 
ClaiKs of Faim^ ^ JouHson K. Woodman, Chartered AccoDntant. 
Founh Edition. Crown 3vo, cloth 2/8 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Espendiiuts under each Department of Crops, U^c Stoct, Dfuiy, &c., &c. 
With Valuation, Ptofit and Loss Account, and Balance Sheet at the End of the 

Fdi!>, ha/f-b3on'd " .' . . ', ,' . '^°''^'. ™ JV«/'7°6 
THE FORCING OARDEN. 

Ol. How to Giow Early Fruits, Flowers and Vegetables. With Plans and 
Kslimates Coi Building Glasshouses, Pits and Fiames. With llluatiations. 
By Samuel Wood. Ctown fivo, cloth 3/6 

A PLAIN GUIDE TO GOOD GARDENING. 

Or. How to Grow VeEeiables, Ftnits, and Flouen. By S. Wood. Fourth 
Edition, with CDDddeiable Addiliom, and numerous Illustrations. Ciown 
Evo, doth SIB 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce jCfiio a yem, by the Cultivation 
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses, 
so ai to TealL-K £xt6 per annum clear Prolit. By Samuel Wood, Author of 
'■ Good Gardeoing,'' ac. Siith Edition, Ctown Byo, sewed . . .1/0 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateurs Complete Guide, By S. WoOo. Ciown 9vd, clolb . 3/6 

POTATOES! HOW TO GROW AND SHOW THEM. 

tactical Guide to the Cultivation and General Treatment of the Potato, 
. Pink. Ciown Svo 2(0 

MARKET AND KITCHEN GARDENING. 

ly C, W. Shaw, lale Editor of Gardcnine lilmlralld. Cloth . 3f6 



«■ S0.V5 CATALOGUE. 



AUCTIONEERING. VALUING, LAND 
SU8VKYING. ESTATE AGENCY, Ac. 






iief Fonds, 
LoeBriihfqic 





AUCTMNBERS: THEIR DUTIES AND LIABILITIES. 

■ MJOm IfaiWYi— K MoJHiLi Bt Ri 
T I III WaiM. Kciocd lai ^tj tU-viJIua. 



sra*- 
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THE AGRICULTURAL VALUER^ ASSISTANT. 

ri»|li «f ■ D»wihil KMfpn •■ HwoiM ui RsUisuioa': FawS 
Viliiili ■ «IT^M«lti^-. Li>BsfLs>IA(ikulim]C<uiaiu; Solo of 
r I il I il "i' li I llTilitwi fn iiiri 1 biicf Ticube DO 

On li »in—<«^l.MJiaMmAtnrfa- By Tox Bik^ht. Agncol- 
aail VatBH. Hi itpi J "1^ AninAa^ Sarm^ar ud Euue Aecdi'i 
h ff ^ w «i£ ^'f ■■<■'■ cDttUBiiw m DiEst of tb« 
. Osm tn, ctolfa. 



nri'T-ni'l tl iili l^ i nr -"j iiiiij 



POLE PLANTATIONS AND UNDERWOODS. 

A Pnokal Hiadbwi fc oa KaiiMnig tbe Con o( Fsnnidg, RmovUing, 
iB^mmnc, «bd Gndiliuv P*"****— ** vkI UDd(rwfud&, iheir VAloaUofi fot 
PiinH« af Tnufef . Renul, Sale at hsussaxai. B]r Ton Bucut. Crown 





A UCTIONEERING. VALUING. LAND SURVEYING. S<. 47 
AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

tIANDBOOK. 

or PiBtlieal Rultj, Formulie, Tables, and Data. A Cumprehcnsive MunuaJ 

EqnipmEiit, <he Man^tmenl, « Ibe Valaslion of Landol EstaiB. By 
Tom Bright, Agticultural Sumvor and Valuir, Auttaor of "The Agn- 
euJlutal Valuer's ABistHnl," Sc. With Illustnuions. Fcap. Bvo, Leather. 



THE LAND VALUER'S BEST ASSISTANT. 

Beine Tables on a very much Improved Plan, for Calciitatini 
Enatei. With Tabtu for ledodng Scotch, Irish, and Provini 
Acres to Slatute Measure, Sc. By R. Huison, C.E. 

Rorai3> 



THE LAND IMPROVER'S POCKET-BOOK. 

Cooiprisng Formula, Tables, and Memoranda required 
relating id the Pennaiienl ImprDveoient of Landed Prapei 
Surverur. Second Editiod, KEvised. Ro^ial 32 



HANDBOOK OF HOUSE PROPERTY. 



. By a. L. Tabbuck, t 



LAW AND MISCELLANEOUS. 
MODERN JOURNALISM. 

A Handbook of InsUiicUon and Counsel for the YoBOg JounnIiH. 
B. Mackie, Fellow of ihelnsiilaie of Joomalisls. Croum 8vo, clot 

HANDBOOK FOR SOLICITORS AND ENGINEERS 



Engaged in Ptomoling Ptivate Acu of Parliament and Proviiiooal Orden for 
the Aulhoiiialion of Railways, - - ...,..,..- 

By L, LiviHGSTOHB Macassbi. ,._, , 

M. low. C.E. Evo, cloth £1 6i. 



imways, Gas and Water Wgrlis, &c 
the Mid." - ■ - ■ 



PATENTS lor INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inveulois, Patentees isd olbers. By G. G. M. 
Uakdihchah, Assoc Mem. Insl. C.E., Sic Demy Svo, doth . . 1/8 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Hislotical Sketcll and Brief Statement of the Piesenl Position ot the 
Question at Home and Abroad. By j, S. Jbass, Author of " Kngland'l 
Suptimacy &C." Crown Bvo, am pp. , clolli , . ^<(k 
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CROSBY LOCKWOOD * SONS CATALOGUE. 



EVERY MAN'S OWN LAWYER. 

A Handv-Bmk of Ihe Pripdpln d[ Low and Etioin. With m CoDdM 
DinionuT of Ugel Timu. ^ By A BASitiBTm. ^ Thiity-nintii Edition, 

IHtoxtcttting LiquarM Act, iqoi ; the Fuclor^ atul tt^'erkikafi Att, lOOl, nnd 
dehor BOmcImcait of Che yepr. Judicxial Dtiuitm dnring iSt ytar Aavt aJio 
At/It Jmlj Hottd. CtowD 0VO, Soa pp., itronB^y bound ui cioui- 



I 



mrt H-OfO wvr ■'■^ fn«*aiuu »Aiat frjtnit tuime to fl-am liwu Im Urm Ihrwi^k nut 
k na m ti v Anv t* wlurt It mtti* /tr ndrtii; ani muny ttrsanl A^h ax gnat a drtaii»fa 
Imt^m'i ftlii HI t/m UtHi Ah. Willi Htti Iwt af Imml a ij tdUwtd r/imi •uu|> ■ SiX-ahd- 
EtahTPBHCBfru>>«j«iv</ ma'^ itwrt^ rtdmstd i iiatya rifAl rreJatmtd ; m^nr aini 
mamtM^td; oid-iaHraHiriliiitlal. Tit iivrt luu aufutluJ milf " "^ iltMiintil Hfl 
mJaUer^aftttadMtt.amJMat *Utmadaart/HlmHofi/tra£tf/tu a utiM^tti tfrt/tttmnjf' 
lateftrt rtrUing mt m diMlmna /rwmi tr* MrmtitJ, ttJkff mrt rltd It Itmtn tl hamd ■ mtrk 



THE PAWNBROKER'S. FACTOR'S, AND MERCHANT'S 

aUlDE TO THE LAW OF LOANS AND PLBDQES. 

Wiib Ihc S^MMa and * Digcsi of Cuu. Bv U. C. Folubu, Birriiicr^. 

La». ciatb aja 

LABOUR CONTRACTS. 

A Populai Handbook on ih* La* of Conuncu for Woiki luid ServicD. By 
DAvro GiBBOKs, FoLuib Ediiion, with Apptndi* of Swiutc by T, F. Uttley. 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

{1878.1891). For ihB UK of Manufattutcrs and Managtii, By Ehile 



WHALE'S SERIES 

SCIENTIFIC AND TECHNICAL 

WORKS. 



" It is not too much to say thai no books liave ever provei! more 
popular with or more useful lo young engineers and oLhers than ihe 
eicellent treatises comprised in Wbalz's Sehirs," — Knginecr. 



3l jadu ClassiM list. 




CROSBY LOCKWOOD AND SON, 
7, STATIONERS' HALL COURT, LONDON, E.C 



WEALffS SCIENTIFIC AND TECHNICAL SERIES. 
CIVIL ENGINEERING & SURVEYING. 

By HaNHY L»vv, M.lnst.C.E. Includhig s TrMtiiio on Htbrauuc 
Ekcikebhitici hy O, R. UuKNBL^ M.I.CE. Serenih Ediilon, nvitcd, 
with L<KOE AE>otr[ONS by U K. Cube, M.LCE. . . . 6/6 

Pion««F EnKli)««rln^: 

A Tmiiir un Iht ICuL-iiicermB OneralioTU (aonedeil wllh the SctlLcmeni af 
W.;» l.nnJ; rn Ne^> 0.w«me>. Hy Ed»a>u Dobson. M.Imt.QE. 
WUh hi.mf .«j I'b.cK. ^«conJ f^Jiiiun 4/6 

Iron BHdgaa of Moderat* Bpiui; 

Tli.ir Cot-mtiion jinJ Lrriliun. lly HamH-TON W. Pknoskd, Wilh 4^ 
Illuiirau™. 2/0 

Zron ftnd Staal Brid£«s and Vi&dnots. 

A Pncliial TrtatlH upon ihcir Comlnicllon for the hh of EnKinun, 
DuuEhtMnEH, ud Smdenb. Uy Fiancii CAuriH, C.E. Willi numrroiu 
lIliLlmti™. 3/S 

ConatruotianaJI Iron and Steel Iffork, 

At applied la Public, Piinie, and Uomesiic Uuildingi. By Francis 
Camfih, CE 3/6 

Tnbular and other Iron Girder Bridges. 

D«cril^na the tnKDimia .nd Conwuy Tubulnr B.idgM. By G, Dhv-iiiai e 
UiursKV, ;;.E. Faurth Edition 2/0 

Haterlala and Construotion : 

A TheorMicl and Practicnl Trmliie on Ih. Slniini, Dtsigning, and Krfc- 
llon of Wc>tl:» of Consliucdon. By Frahcib Campih, C.E. . . 3/0 

Sanitary Work In the Smaller Towne and in Villages. 

By Chakles Slacc, Amdc, M.lnii.C.E. Third Edi lion . , 3/0 

Roade and Btreeta (The Construction of). 

In Two Partt: r. Tub A«t ov C,>™aTKicTiNij CoiiHOH Roads, by H. 
Law, CE„ Be<l»d by D. K. O-'hk, i;.E. ; II. RECMIrr Wactice; Iit- 
cliidingPiivcminnofWiHd,A«ph,Tl.e,fiic. By D. K. Clux, C E, 4/6 

Oae WoFka (The Oonatruotlon of), 

AndihuManiiract^n-stid Ditiribution orCn] Gu. Br S. HuuHn, C.E. 
Re.wrilleiibyWlLlJAMKiCHAi.os,C.E. Eiihth Ediiion . . 0/6 

Vater Works 

For till Supply of Cities tind Toirni. With a Dc<criptiun of the Princinl 
(nolwiicaJ Fui-mati,>n<Df EngUiid u influencing Suppiiesof Wnler. Bv 

The Power of Water, 

Hrd^'iriicEngrnt.. °ByJ^5Pm Glvnpi, F.R°S?"New''Edi'lbn . 2/0 

Welle and Well-Binking. 

By JuiiN Geo. Swindell, A. R. LB. A, and G. R. BriirNiLi., C.E. Revised 
Ediliun. WilhaNcwAppendiioniheQuBJIIiiHorWBIer. Iltotialed 2/0 

The Drainage of Landa, Towns, and Balldlnga. 

By G. D. Uekhiitv, G.E. Reviled, with IsrEC Addiliani an Ru-enl 
Practici, by D. K.Ci.ABK, M.I.CE. Tliird Edition . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and olhrr PuTpusM. Wiih Rcmar^B on the BlDwing up of 
Bridges. liyGen,SirJ.IiLK,.oVNB,K.C.B f/S 

Foundations and Concrete Worka. 

With Piuclical Kenurbt, on Faolingl, Plankin;, Sard, Conrrele. Biton. 
Klt-dnvins, Cabtons, and Cofferdaniv By E, DonsoK, M.R.I.B.A. 
Eighlb Edition 1/6 



weale's scientifio and technical series. 3 
Pneumatlos, 

Including Acoustics and ihe Phcnamctm cf Wiad Curi^nu, for the U^e of 
Eegmncin. Hy Charles 'r[iMLiNSON,F.R.S. Fourth Ediiioi . 1/6 

Land and Bnglneering SuFseyln^. 

For Sludcnis mid rreclicBl Uw. By T. Bawsr, C.E. Eighlwnth Edition. 
Kevised ind E.lended by F. E. Dii.on,A.M. Insl.CE., ftofcssiona! As»- 
ciateorihelnslituIiunDrSiin-cyor^ With nuioEraiiB llluslruions and two 
Lithographic Piatfs [/w/j.i^/u*lJ 2/0 

HenBOratian and MeasoFintf. 

For Students and Practical Use. With the Mensuration and LevtlKnE ot 
Lund far the pun»«es uf Modtiti Engineerins. By T. BxasH, C.E. New 



MINING AND METALLURGY. 
Minin g CaloulatloDB, 

Fiir ll»: use of Students Preparini fa Ihe Eiaminationc for Collierr 
Manae"=' Cortilicales, compr.s.nK numemu. Ruin and EjampJH itl 
AriLhmetic, Algebt.i, and Mensuration. By T. A. O'DoNikKUE, M.E,. 
Firsi-ClaM Cernfiealed Collieiy Wanaict. [Jmt fuUiskii. 3/6 

Mineralo^, 

enWcj""wo(KjJlsiJidPl"in''.' '. ■ '. T' . "I™'"™, gjg 
Coal and Coal Hinlng, 

F.R.S.'"t?Eh^Editi™t«"i«t!'^yT!FoKSTEHBKQ«« . . ' . 3/6 

lletallurgy of Iron. 

Containing Method) of Auay, Analyses of Iron Ores, Procewes of Manu. 
Tacture orinin and Steel, Sc. By H. Raueimah, F.6.S. With numeroim 
Illustration!. Sixth Edition, cevised and enlarged .... 5/0 

The Mineral Sapveyor and Taluer'a Complete Guide. 

By W. LiNTBRr.. I'jnr.l. Edition, with an AppendL. on Maentt.t; and 
Angubt SurveyiiiE 3/6 

Blate and Slate Quairyin^: 

Stientific, Practical, and Commercial. By D. C D,v.es, F.G.S. With 
numerous llluslrationi and Folding Plate;. Fourth Edit iou . . 3/0 

A First Book of Mining and Qaarryintf, 

Whh the Sciences connected therewith, 7or Priiuaty Schools and Self In- 
struction. ByJ. H. COLLItH, F.G.S. Stcood Edition . . .1/6 

Snbterraneoua SDrveyinri, 

With and without the Magnetic Needle. By T. Fenwick and T. Bake., 
C.E. Illustrated a/6 

Mining Tools. 

Hannal of. By W.LLiAsi MoRG.^NS, Lecturer on Practical Miiiins at Iho 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

OfEngraviugs to Illustrate llMaboire, containing ^3i Illustrations ofMininc 
TooK dtawn to Scale i\a 4/6 

Fbysioal Geology, 

Partly ba-wd on Major-Ceneral PonTLOTic's "Rudiments of Geol<«y-" 
By Ralph Tate, AL.S..&C. Woodcuts 2/0 

idimenls." By RAt.TH 



Historical Oaology, 

Portly hosed on Mljor 

Tate, A.L,S.,Btc Woodcuts . 

Geology, Phyaioal and Mlatorloal. 

Corvisling or " Physioil Geology." which sets forth Ihe Leading Prlndp 
of the Science; and "Historical Geology," which treats of iTie Mine 
and Organic Conditions ofthe Earth ai each successive epoch. By Rac 
T4TK,P.G.S, 4. 



4 WKALK'H SCIENTII'lC iSU TECUKICAL SEltlKS. 

MECHANICAL ENGINEERING. 
Th* Workman's Manual of Kagiaomfini Drawing. 

liy Joil" «11I0K, jMlruclof >n Er.giu«ring Dra»u.g. Ro)^ Nlvil 
ClIleKi, Cticnwich. Snoilh Kdilion. 300 Plaui and Uugnnu . 3/S 

Fn*lB : Solid, Llqnld, and Oaaaotu. 

Their Annlyun tad Viltation. Foe ihe Uk oT Cheni»tt and Engl'.een. 
i>f H. J. PiliLUm, KCS., formn-ly Aniiylical a.--! (Jonsulling Cllmii-t 
<a Ihe l/ral KaMcrn RaUtay. Tturj tdilion 2/0 

Fu«l, It* Oombnatlon and Beonomy. 

Cnn«Uli(iJE at at* AbridEmcnToT " A TrtalbCOQ (be Combuaioll of Caalanil 
llnITfvtnlUm of S.n.pC.." Uy C. W. W-LLUUK, A.l.C.E. With E«to.- 
■ivi Addliiufialiy D. K Clknk, M.lnit.C.E. Founb Ediiina . 3/g 

Th* Boilarmakar'a Amaistant 

In Driwini, 1 cmjiriuiiig. and Calculating Doiler WorV, &c By I. ConnT- 
••(T, PriciKal Boilcimakn. Ediicd Cy D. K. Clabk, a£. . 2/0 

Tha BoUar<MakaF'a Raady Raokonar, 

With Eianplo of Praalcal Clwfneiry and 1'emplaiinE for Lhs Uic of 
PUm.. Smiiht, and Rinliri. By John Coul.T^BV. Ediird by D. K. 



L 



BUam Bollara : 

Their Conilructiml and ManaGcmenl. By R. AbhSTIOHC, CK IUiutrUe< 

1/6 
Staam and Haohlnary Hanagamant. 

Il/M. Po«is°ll*'.K.''(lJn!,l.M.'K. "''"'"'" Biuig™™ ^ " ' gjg 

Btaam and tha Steam Bntflna, 

Klalionary and Piinabk. Il-ini sn EHW«!oo 1-f It... Trraliw on Ihe gleam 
KnilficofMr. J. SiLWILL. By D. K. CI.AXK. C.r.. fui.rih Ediiion 3/6 

Tha staam Sntflna, 

A Tr»li>t on iha Malhcmmiciil Theory oT. wiiti Rules and Examples for 
PraclLcal Men. By T. U«KI1B, CE .1/6 

Tha staam Sngina. 

lly l)r, Laiumiii. Illualrated 1/s 

lioootnotlva Bnflnaa, 

llyO, I), DuurMiv.C.E. Wi<h large Addiiiou Ircalins eriba Modem 
lAKoinmive, byl). K. Clark, KI.Iiui.CE 3/0 

Looomotiva Bntflna-Drivlntf. 

A Praclinl Minud for encinten In charge of Locamotive Enginei, Br 
MitHAtt. RnNOLUs. Tenth Ediibn. 31. «</. limp; cloih Imardi. 4/0 

Stationary Bnflna-Drlvln^. 

A Praclical Manual for Engineort in charge of Siaiionary Enginea. By 
MitH»aLRavKnl.us. SisthEdiliwu jj. W. limp ; cloih board* . 4/8 

Tha Smithy and For^a. 

lni:ludLng Ihe Farrier's Art and Coach Smilhing. By W. J. E. Cbahil 
fourlh Edilion . 2/8 

■odam Workahop Praotica, 

I>r*deW Machine, Bridgn. Ship-building, Kc. By J. G. VtKTOH. 

Haohanical Bn'jfliaaarinif. 

lnniprUin< MeulluT^y. MouldinE, Cabling, Forging. Toob, Wortahop 
Machinery, M«hanitiil Manipnlulloa. tlanufa>;iiirciirihe Steam EiuJB*, 
«c ByFHANctsCAUPiK.CK. Third Edition .... 2/6 

Dataila €>( Maofainary. 

CotnnriHig Inxniclioni for the F.iecalion of varioui Worlu b Iron ia the 
Filling. ShoiN Foundry, and Builer-Vard. Bj Fll,.BCls Cahpin, UE. 3/0 



WEALE'S SCIESTIFIC AND TECHNICAL SEIUES. 6 
Elementary B ngln earing : 

A hisnual for V..une M^^nc K'lBinHr' »n<l ApDrcnli»r<. tn the ] 
lju>.sii(ras and Aii.wtis ot. Mfials, Allo>s, Strengih of Mflicri. 
lly [. S. Bhk.vbb. FourihEdkidn 

Fo»er In Hotloa 

X'&"=""«y'j^ 

Iron and Heat, 

ExhibLtbg Lhe PrincIplH cwcETKEd in Ihc Construclioi 
PilUri, ai.d Gi.dm. ByJ, ARHOUH, C.E. 

Ppaotical Heohanlam, 

And Machine TdoI^. IIv T. Bakes, C.E. Wiih Rem^ 
Machinery, by J. NaSHYTH.C.E 

HechanioB : 

BcmiiHCOnci^Eniosilia'i of >he General Principles of M 
and Iheir Applicaliaas. tiy ClUHLES ToHLlNSUH, F.K.I 

Cranes (The OonBtructlon of), 



Moiion, Toothed-Wheel GeaHi.*, Ijns and Short Drivine 
- ■^ '-- "-- ' *.HUouK,C.E. Third Edition 2/0 



NAVIGATION, SHIPBUILDING, ETC. 
The Bailor's Sea Book; 

A Riidimtnlary T.ealLse on Navigalian. By Jaj.hs GRReNlvoOD. B.A. 
Ediiior., by W. H. HoisiK ..,.'... . a/a 
Praotioal Navigation. 

of"l^c V>ohfe'm.<"w'HKNRy L™!^.e!, and^pSf. /. ^ youNG / 7/$ 

Navigation and Hantical ABtronomy, 

In Theory anil Practice. Uy Prof. J. B.. VouNI^ New Edition. Z/fi 

mathematical Tablea, 

For TiiEonomeiiicsl, Atirononiiail, and Nautiesl CalctiUttions ; ta which i> 

reries'or Tables foi NovigSti™ and Nautical Aatronomy. iTy I'tofeswr l' 

R. YoUKC. New EditioQ 4/b 

Hasting, Haat-Mafadng, and Rigging of Bhini. 

Alio Tables of Span, hiEgingi Klocks ; Chaia, Wiie, and Hemp Rnpei, 
&c, telalive to every clau oT vcue]^ Uy Rdbest Kipi-ihg, N.A. . 2/0 

Bails and Bail-HaJdng. 

KiVriKG^S^A"*'. . '*. ". ! ." .° ." "^ ' . ^ ."'i'i 

Marine Engines and Bteam Vesaels. 

13y R. \l\ini.\v, C.IL Eighili Kdiiion, ihoTcuEhly revLed, wiih Addi- 
tion-, by the AuLlior and by (iaoKQS Cjsni.isle, C.E, . . . 4/S 

Naval ArchitectuFB : 

An E«po,ilioa or Elementary Principle.^ By James Peakk . . 3/6 

Ships for Ocean and River Servioe, 
Atlas of Engravings 

To Illu-.lralelhcobiive. Twelve large fulding Plalci. Royal ,to, cloth 7/8 

The Forms of Ships and Boats. 

By W, Eland. Ninth EJni.i.i, wLTh numerous Illmimlions :.t.d 
Models MQ 



WEALES SCIESTIFJC AND TECHNICAL SERIES. 



ARCHITECTURE AND THE 

BUILDING ARTS. 
ConatmctionaJ Iron &nd ftte«l Work, 

A» BpplW lo PjblLc, Priviic. unl Djmaiic l!u[ldlnei By Fb* 



luildintf 






Id Uk oT Muaiils. Woriiini 
lo«or., M.R.I.B.A.. SIC 

icKurr, Q.C, (Lord 



. 4/6 



Tha Sciance of Building: 

An Kknifnlar. TralUe on Ih> PrinclplH of 
>.<M Tahn. M.A. Und. Keunb Ediliun . 

Th« Art of Building: 

Civil arrJ Et^lolA-lical. D)r Sr EouuKO 

Owallln^-Housa« (Th« Brootion of), 

llluj.[r^led l>y 2 Pcipcinivc Vic>-. I'linsai.d Section) oT a Piirnf Villu, whh 
Spccifknlion. Quanlllio, and EuimatcL UyS. 11. Duooiu, Aicluitcl 2/8 

IJottMge Buildlntf. 

by C. Hiucf AL1.KK. Blvmilh BdilioB, irilh ChipWr gci Econoinic Cdi- 
laget fur AllolmcLiti, by E. E. Aluh, CE. 2/0 

AoouBtiM In Ral&tlon to AFohitootura and Bulldlntf : 

TheLaim.rSi>undn.ip|.li^Jinihe Amingcmnu or BgiMingi. Cy Pro- 

The Rudiment* of Praotioa.1 Briaklaylnf. 

Ccnciil Priiitiiilc^ of Uritkliying ; Areh Drjwing, Cutting, ind Stlline ; 
Poinlir;^ Pa V III j. Tiling, &c. ItyAuAU lluilioxij. Wilh fiS Wwdcurt 

1/6 
The Art of Practical Brick Cutting and Setting. 

ily ACA.T HA..1.0M,, WilhsoEngnvings 1/6 

Brickwork : 

Bnckbyins, Cuitiiig 






&t 11)1 F. ^ 



id Hightr Print 
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nihe! 



snufanur. 



Bricka and Tite«, 

PrindplM oJ Brick m 



The Practioal Brick and Tile Book. 

Compri.ini; : Kril'k ahd Tilr Making, by F_ Dodk 
Pmciical BmcKUAYiNC, by A. Hamiiocd ; B"h:k.cut™ 
by A. Hauhomi. sjopp. wilb 17a llluHratious, half-bo 

Carpentry and Joinery— 

sSd..rd'wOTk"'TH0>rAs'TaEDOoi.c,CE. with Add Lti 
ON JoiKHRV, by E. W. Tabn, M.A. Stvunih Edition 

Carpentry and Joinery — Atlas 



A Oullln< 



. '316 



rA Praotiool Treatise oi 
Sho*in^ New and Simple M. 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 



Circulop Work In Carpentry and Joinery. 

' "^clical TrtaliM on CircuUf Work of Sineli: Md Double Curvalun. 
EORGK COLLINGS. Tllird Edition 2/B 

Roof Carpentry: 

Pmciii;sl L«»ii3 in the Framing oriVood RooFs. For [he Use o[ Workini 
Carpenters, By Geo. Colliwcs 2/0 

The ConstFootion of Roofs of Wood and Iron; 

" ■ ced chiefly from itie Works or Roblwn, Trcdgold, and Humber. B( 
iTNDHAM Tarn, M.A., Aichiter.i. Third Edi. ion . . . T/a 



The JointB Hade and Used by Builders. 

By WviflLL J. CHBI6TV, Archilect. Will, ,60 Woodcms . . 3/0 

Shoring 

And its Appli[:ation : A Hnndhooli for the Use of Sludenls, By GsQiTciB 

H. BlAGHOVE. Ullh 31 Il]u,lr,.lion5 1 ,'6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Gkakhv 2/0 

Plumbing: 

A T«.l-Book 10 the Praclicc of Ihe An or Craft of the Plumber, With 
Chanters upon House Drainage and Venlilalion. By Wni. Paton Buchak. 
Eighth EdllioD, Re-written aud Enlareed, oith 300 IlluIraliouE . 3/S 

Ventilation : 

A Te«t Book 10 iHe Praclice of Ihe Art of Ventilalina Buildinss. By W. P. 
Buchak, R.P., Author of " Plumbing," &c. With 170 lllostmions 3/6 
The Practical Plasterer: 

ACompendiumofPlainandDinanienUlPlaslerWork. ByW. Kebii' 2/0 

House Painting, Graining, Harblintf, A Sign Writing. 

With a Course of Elenieolary DtawinE, and a Collection of Useful Receipt!. 
By E1.LIS A. Uaviuson. Eighth Edllion. Coloured Pkles . . g/Q 

A Grammar of Colouring, 

Applied to Decoralive Painting and the Arti. By Ceorge Field. Ne« 
EdHion, enlarged, by Ellis A. Davidson. Wkh Colouicd Plates . 3/0 



Practical House Decoration. 

A Guide to the Ait of Omamenisl Painlins, Ihc Asrnigemenc of Colaun in 

Apartniems, and (he Principles of Decorative Design. ByjAHSsW. Faot 

2/6 

•,• TAr ifil /KW Warii in Onl AnWjDml Vol.. half-bsumd. Inllllld " HousB 
Decobation, Elementary and Practical, V" 5/0- 

Portland Cement for Users. 

i;y Henrv Faija, A.M.Iii5t,C.E. Third Edition, Correcled . . 2/0 

Limes, Cements, Hortars, Concretes, Uastlos, Plas- 
tering, fto. 

By G. R. BUBKBLL C.E. Fificcnth Editii 
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Huonry and Stona-Outtin^. 

Til. PriociplB of MiwoU: ProJKtion End Ihclr BppUcolion 10 Consl rue-lion 

ByEpOARD DoBSON. M.R.I.%.A. 2/6 

Arohea, Piers, ButtrasBAB, Aa.; 

Eipcriniciital taayi on ihe PiinciplEi of Confitniclian. By W. Blanil 

Quantlti«a and Heasuremeata, 

In [jiickliyrn'. Masoiu'. P]Astcr«>', PJuiKbcn', PunlEri', PBpcrhsnEcr<'. 
Cildtrs', Smiih.', CiBptmcrs-tu.JJo!wn-Work. ByA.C. Bbaton 1/S 

Th« Oomplete H Aaaurev : 

SEttmKroRhlhcMuiiirenicnlorBoanli, GLuLTiidUrBudSlone. By R. 

HoRTaN. Siicih ICdiiioa 4/0 

*,' Tir mivpr, ilrcfte'^ iauiui in kmlttr, frict 510. 

Ll^bt: 

An Imroducllan 10 the Science nrOplicL Deiignedfoc tfieUieoFSiadenis 
HA«'T*»V"M.V,Tu(1^o^f'""fhe'snence''Sf'Bnildi^,"gic. . . 1 ;6 

Hints to Tonn^ ArohitBots. 

by G. HusKissoN GuluAuuE, Arcliilect ..'.... 3IS 

Anthiteoturs— Orders : 

TheOcdeisMdlheit rfjuheiic PrinciplEi. By W. H. L«kds. lUostraled. 
1/6 

Arohiteoturs— Btyl«B ; 

The HUiory nnd Dcscnplion of the Slylei of Ardiileclnre of Variola 



V OHDEm AND Stvles Or Aechitectuhb, I'm Chi Vol., 3/6' 

Arohlteotars— Design : 

l-he PKnciplcs of D«igii in Archiincturs, u dedudble froDi Nature and 
LAcl''G«KBKTT.Arch'il«° llTuKmed '". ". '" . .' " . T 2 j« 
-.• Tlu Ikri, fncedinx H'orki in 0.u MaKdmmm ViL, tmlf fu^mi. IHtUUd 
'■MOBKilN A«CHlTKTUKB,'V™6/0. 

PerapMitive for Bsginnera. 

By S"d.g°e PvkI ";"'_'" _ mieunm re i^ ure. ^ ng,^^^ 

Arohiteatural Hodelling in Paper. 

I!yT.A.RltiiAHUM.K. Wi.h lllu5t™i,on.sengravfdbyO.JllnIT 1/6 

Glass Staining, and the Art of Painting on Glass. 

FroraiheGc.ni»nofD.. i;E55ERTanaEM.M.'eL Otto F«oiiBKiin. \Viih 

•n Appendbi on Tm Art df Ehamelling 2/6 

yitmvins— The Arohiteotnre of. 

In Ten EooVs. Tmnilaled from ihe Laiin by JosBPH CwiLT. F.S.A.. 

F.R.A.S. With 13 Pl»te> S/O 

N.B.— Thh is Iht aiilf EJUIbk ^\,rtmivsfrK>iraiU at a medttait fria. 

Oreo Ian Arohiteotura, 

An Inquiry into the Princi[>lM of Benuly in. With an HUlotical View of the 
Rise and Progrea of the ATI in Greece. By the Eabl of Abkhumm t/O 
•.' Tkt two fnciiliHt Wcrki in One ka-^^mi fcl.. half itun^ tKlilUd 
'■Ancibnt Ahchitecturb," prict 6/0- 
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INDUSTRIAL AND USEFUL ARTS. 
OementH, Paates, Glues, and Guma. 

A Guide to the Wanufaclure and ApplLcaliqn of AfiElutinanls. Wilb 9ix> 
RtclpcsMd Fornulit. ByH. C.Stabdach Z/Q 

GlookB and Vatohea, and BgIIb, 

A Rudimfnl=>v Tr«iL« on. Hy Sir Edmuno Beckett, Q.d (Lord 
CmHTHUWKl. Stvemh Edition 4/6 

BUctro-Hetallargy, 

Pradidlly Trenicd. By Alkxakdek Watt. Tenth Edition, inlaretd 
and revistd intlfdinl ill. most Rennl Praa^sa .... 3/6 

The Goldsmith's Handbook. 

Containing Tull Insiruclion'i in the Art oF Alloyire, Melting, Ii»Iucing, 
&c., *c. 'By Geobcb E. Che. Fifth Edition . . ' . . ' . 3/0 

The Silversmith's Handbook, 

On th»Mmt plan as the Goldsmith's Handbook. ByG. E. Gkk. 3/0 
".• Till Jail /iiw IVsrii, ill Out kandsemi Vol,, luil/4iaimd, T/Q. 

The Hall-Harking of Je-wellepy. 

Comprising an account of aU the different Aaay Towns of the United 
MarTi. at the various Assay OHlaa. By Gbohub °E. Geb°" " °". 3/0 

French Polishing and Enamelling. 

A Pr.tcliul Work of Iiulruclion, indtiding numerous Recipes for marine 
Polishes, Vamiihes Glaie-lacquers. &c By R. Bit H HAD .1/6 

Praotioal Or^an Building. 

ISy W. li, Dic«50K, M.A. Second Edition, Reviled, with Addilioni 2/6 
Coach -Bull ding : 

APtacli<;il1>ealise. By JasiesW. BuRtiiFBS. Wilh j? Illu^uaiions 2/6 

The Cabinet Maker's Guide 

To the Entire Lon-iriiction of Cabinet Wotl;. By R. EtTHEAO . 2/6 

The Braaa Founder's Manual : 

Instruction, for Modelling, Pattern Makhie,ftc By W. C.AIIA.. . 2/0 

The Sheet-Metal Worker's Guide. 

, .., ... I.K.L-B " 

Sevring HachlnsFy; 

ing, &^'''Byj"'w.'^lS'ui^tT,c'£'"" ;"-"'"^ ■^™"'"y""'j^,'g 

Oas Fitting: 

APracticalHandhook. By Johs Black. New Edition . . 2/6 
Construction of Door Looks. 

!.romthePapersofA.C Honss. Kdited hy C. Tomli.nson, F.R.S. 2/6 

The Model Locomotive Engineer, Fireman, and 
Engine- Boy. 

By MicHAW, RpYNOi.tis 3'6 

The Art of Letter Painting made Easy. 
The Art of Boot and Shoemaking. 

Inciuding Measurement, T.asl-fllling, Culline-onl, Qosingand htaking. By 
Joi,nBki.™bdLbn..- WithnumerouillWratiotii. Koulh Edition 2/6 

Mechanical Dentistry : 

A Pra<.iic3l IVaiise on tne Con>trucllon of the Various Kindi of Anificial 
Dentures By Charles Hi!.ste«. Fourth Edition . . , 3/0 
Wood Engraving: 

A Pratii«lBndEi!yInlroduaionLolln!.\rt. By W. N. BsowH . 1/9 

Laundry Management. 

AllandUiol^fo. Unc in Private and Public Latindtics . , . 2/0 



<6 Diagram.'. By W. J. E. Cbane.' Tbiid Edition, revised . ' 

ng MachU 
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AGRICULTURE, GARDENING, ET 

Draining and Bmbanklntf: 

A Praclicul TniiisF. Hy ProfOoHM Scott. Wiih 68 ILIusiratwn. 

Irrltfatton and W^atep Supply: 

A Practiol TnaLi« on WiiUr Mcadowi, Sewsge.lrrinlion, Warpinj 



COTT. WLlh 7S Ulus 



.._ snumd Etiiraaies. By Prof 

Jo,,« Scott. Wi,h .o, Illuiira.Lons 2)C 



1 



Bam ImplBmeuta and Haohines 

Tieairne of ih= a—':—"" -' ° ' " 

Field Implementa and Haobines: 

Will; PrinciplK aotl Dtiailn of Coiutraciion . 
A^lcnltural Surveying 



.ppliaitidn of Power nnil Machines uud In ihe Thnshing- 



^TrulisEon Und 



urveying. Levelling, and S»linE.(>ill ; wiXh Dlnxtioni 
By Piof, J. Scott, With &. liluuradons . 1 IS 



Outlines of Farm Management. 

Treating of llie Geneial Work of tbe Farm; Stuck ; CoDLract Wurk : 
Labour, &c. By R. Scott Buhn 2/B 

Outlinea of Landed EIstateB management. 

Trr;iling of ttie Varieliei of Lands, McilioJi of rarmiiiE, Selling-om of 
Farms, Koads, Fences, Gales, Drainage, &[:. By K, Scott Buhn . 2/6 
*.* Til abmi Tu-o Vt!s. in Ont. kandtcmil^ half-iH!Hnd. frice 6/0 
Soils, HaDores, and Gpopa. 

(Vol, I, OUTLIKES OF MoDttKN FaBMIKG.) By R, ScOTT BURN . 2/0 

Farming ajid Farming Economy. 

|Vol. II. Outlines of Mouan.-j Fakming.) By R. Scott Beau 3/0 

Stock : Cattle, Sheep, and Horses. 

(Vol. IIL OUTLirvEs 01- MoDEEN Far^.inc.) By R. Scott Buhn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines OF MouKHH Farming.) By R. StoTT Burn 2/0 

Utilization of Sewage, Irrigation, and Beolamatlon 
of Waste Land. 

(Vd-V. Outlines OF MooETtrj Farming.) By R. Scott Burn . 2/6 

Ontlinea of Modern Farming. 

--■ " Scott Bubn. Coil^islinK of the above Five Voliin,es in On.^. 
, profusely llluslraled, half-bound ... .1 2/0 
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Book-keeping for Farmers and Estate Owners. 

A Practical Treatise, prcstnlmg, m 'ITirce Plans, a Eyslem adapted fcr all 


LyA. Abmas'. Founh Edilion, revised and e.lended by C, NOH^iS 2/0 




Miller's, Com Uerohiutt'B, and Farmer's Ready 

Second t^diljon, revised, with a Price Ua o( Modern Hour MillMachiaerr, 
byW. S. HUTTON, C.E 2/0 




The Hay and Straw Measurer. 

New Tables for Iht Use r,rAucliot»ers, VaJiiers, Farme.s, Hay and S^« 
Dealers, &c By John Stkelk 210 




Meat Production. 

A Mannal for ProduMrs, Dislribulon, and Consumen of Birtchers' Meat. 




Sheep : 

The Hi«ory. Slructiire. Economy, Kid Diieases of. ByW, C. SfOONKit, 
M.R.V.S. Fifth Edilioii,*ilh fine Engravings. , . . 3/6 




Market and Kitchen Gardening. 

ByC.W.Si.Aw,laleEdiiorof"Gurdem„eIlli«t,aled". . . 3/0 




Kitchen Gardening Hade Easy. 

Shotving the ben maas of Culiivubg every known VcECtable and Herb, 




Cottage Gardening: 

Ur FIdwcis, Fruits, and Vcga^hla for Small Gardens. By E. Hubdat. 
1/8 
Garden Beoelpts. 

Edited by Chaklks W. QuiN 1/6 




Fruit Trees, 

Th. Scientific and Profitable Cullfro of. From the French of M. Do 
Ebkijii. Fifvli Edition, carefully Revised by GstoKOi^ Gleknv. Wilb 
.SjWuodcnts 3/8 




The Tree Planter and Plant Propagator : 

With numerous Illustrations of Grafting, Layering, Budding, Implcmenlj, 
Houses, Pits, &c. By Sa.il'el Woon 210 




The Tree Pruner: 

A Praclical Matiu^ on Iht Pruning of Frllil Trees. Shrubs. Climbers, Uld 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1/6 








By Cables Baltei. With lUusirations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
DeatiriptiTA OaainatTy, 

"""273 



liun. ByJ.F.Ha* 

PrActical Plana O«oinetpy: 



rulnicting Flgum coniaineil in one Plsne 

Willi Jii WuodcuH * . . .' 2)6 

AnoJytiOBl Oaometry and Conio Seotiona, 

A Rudimtrlmrr Treali.c on. By Iawes H*^s, A New Edilion, re- 

Buclid (The Blementa of). 

Wuti nijiny AddkiwuU Pripwiibn!! and Eiplanalory Nol«; to which it. 
l.«n>cil..ilniroduclaryKisiiyonljiEic Hy HbhiV Lab-, C.E. . 2/6 

Euclid. The First 1-hrei Uooks. By Hhhbv Law, C.E. , . . 1/6 
BucUd. llonl^s, 4. i, b. It, 11. By Hehhv Law, C£. . - .1/6 

Plane Tpigonometry, 

Th= Elemeim oE Uj jAjnes Hank 1/6 

Bphorioal TrigonometFy, 

■Ihe Klcmenu of. By jAHKi Hank. Fcylstd by CiiARi.iiS H. Do»- 

i"°. '-■t! 1/0 

• .• Or ,^hh" n^ EU,.,t,<l^ ,■/ PUiiu rriso'inmrlrj.- i., Ott y^tlmm. 2'Q 

DIETerential Catoulus, 

Elcmtnisofilis. Uy W. S. B. WooLHou,«K, F.R.A.S.. &t . . 1/6 
Int^ral Calculus. 

I)y lIuwKBSHAM Uox, B.A. 1/6 

Algebra, 

The Ekmemi or. ByjAiiE? Haddon, >I,A. Wi[!i Append k, con lain ine 
A Key and Companion to the Above. 

An eslensLve KtpoiLlory of Solved E*3mplei nni! Problems iu Algelna. 
By J. K. Vlung 1/6 

Commercial Book-keeping. 

With Commerdil PHiaies and FoTRU in English, French, Iialinn, and 
Oern,«,. By Ja.hs Maddo«, M.A 1/6 

Arithmetic, 

A Rudinwntsry Trealoe on. With fnll Evplamtiioni oT 11* ThcoRlicil 
PrindplH. nnd numtroui Kxsmples for i'mctin. Kur the Uh of Sclioob 
«nd to SelMniltuclion. HyJ. K.,Ym..^,^, Ure Profes^rur W«h«n.<ia 
in Beifhsl Uollege. 'Ihiriwml, tditlon 1/6 

A Key to the Above. 

llyJ.«.VoUNC 1/6 

Bquational Arithmetic, 

Applied to Questions of liitere!!, Annuilies Life Asumni:e, ind Cenenl 
r^iU™.' %W?H™tuiY " .*"".''. ^""'°"j""»* _*™)^ 

Arltlimetic, 

kndiaieniary, for the Us. of Schools snd Eelf-lnslruclion. 13y Jamit* 
H.OOOK, »f.A. Revised by A1.KAH..1 A.MAN . . . .1/6 

A Key to the Above. 

">!■ '^- -^"'"N 1/6 
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Mathematical InatrumflntB : 

their ConBIriii:iiuLi, Adjuiinwil, TcwinE, "nd Um concincly Explained, 
liyj. F. Hkxihe-, M.A., of ihe Koyal MiUiary Aadany. W.wlwich. 
foUHwnth Kdiiign, Rcriscd, with Addiliora, by A. T. Waluislkv. 
M.I.C.l^. Orijiiiiil Edilion, in i vol., liluitrxled .... 2/0 
•.■ tn ardirlii! Oil aim, it eunfitl In iity "Original EdUisn." <•<■ eirt tht 

Drandnj and Measuring Instruments. 

and for Arilhmelial Computalions. llyTp. MKArHHK, M.A. . I^B 

Optical Instruments. 

In<:iliding (mon especintty} Telescope., Mi[Toacv>pes, nnu Apn;iratu! Tar 
p.odBdng copies of lUips add P.atis liy I'hoioeraphy. By J, \. Hkatiteh, 
MA. lllns.raled 1^6 

Surveying and AstFonomioal Instruments. 

seivaiions. liy J. K. HBAtilER, M.A. Illuslralcd. . -1/6 

'.* Till abin-r /Arm volmiitt fnrm ait rmlargrmrmt •/ Ihl AnHsT't arigiual tnrk, 
" Malhii'iHikal litilrununls' /rici 2/0- {Ottcniid al tof ^ fagi.) 

Hathamatioal Instruments ; 

Their Consiruciion, Adju-iimeni, 't'eaiiiB and Uie. tomptisiiiB DrawinE, 
Me.-i-.urine, Optical, Surveying, .lod AalronoDiical laslrumenls. By j. F. 
Heather, M.A. t^nL^rged Dillon, for the mosi pan enliicly rr.wi^ten. 
-rhe 1 hiie I^ni as above, in One thick Volume. .... 4/6 

The Slide Role, and How to Use It. 

Conuining full, easy, an<l limpie lnslructioii< to perfomi all Dusinexs Cal- 
culiiiionii with nreiampkd npidrty anil acfurat-y. By CiiAiti.ES Ko<iiit, 
CK. With a Slide Rje, in tui-li of rover. Seventh Edition . . 2/8 

Lo^arithma. 

Wiih Mathematical Tab'es far Trigotiomeirieal. Aitronomical. and Nautical 
Calculaliont By Hkmi< Law, CE. KeviaeJ Edition . . . 3,'0 

Compound Interest and Annuities (Theory of). 

Di'simiin, Ami ilti^&e., in ^l IheiT'Appli'uai'ions Bnd'u«rfor''Me™tii; 
and State PurpoiH. Uy Feiur TuauAN, Paiia. Fourlii i^dition . 4/0 

Hathematlcal Tables, 

For Ingonomemcnl, A'lronomiol. and Nautical CalcuUlim : 10 »hkh i< 
prefixed B 'IVealise on LggarilluD!!. By H, Lao, C.R. 'j'ogether vjlh a 
SeneioTTaUes for Navigation and Nautical Astronomy. By I'lufeuor J. 
U. Vqunc. New Editioa 4/0 

Mathematics, 

As applied to the ConsltuOive Arts. By FnSKcrs CMilf[V. C.E., *& 
Third Edition 3/0 

Astronomy. 

By the late Kev. RonEitT Maih, F.R.S. Third Edition, revised and csr- 
tecicdij the Presem Time. By W, T. LvMi, F.R.A.S. . . 2/0 

Statics and Dynamics, 

The Principlci; and Practice af. Embracing also a clear devcloptnent of 
HydroiMtics, Hydrodymunics, and Central Force*. KyT. Bak.r, CE. 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

A Dictionary of Painters, and Handbook for Picture 
Amateurs. 

BeiM B GuiJc fwr VM.ors lo Puhlk nnd Private Picture Galleri«, and for 
Art-SlQilcnls,iriclutli..g Glossary of 'i'einu, Skelch of Principal SchooLs of 
PainlinE, &c. iiy pKlLlpPB Da.yi, B.A, 2/6 

Painting Popularly Explained. 

By T. j. Gui-i.icK, Poinler, and John Tihbs, F.S.A. Including Ftesco, 
Oil, Mosaic. Walcr Colour. Walcr-Glas!, Tempera Encauslic, Mlnialnrt. 
Painiinguii Ivory, Vcllum.Pullcrr, Eriamil, Glass, &c Six ih Edition 5/0 

A Dictionary of Terma used in Arohlteoture, Build- 
ing, Engineering, Mining, Uetallurgy, Archaa- 
ology, the Fine Arts, Ac. 

ByJoHNWEALK. Sixlh Edilion. Edited by R. Hukt, F.R.S. . 5/0 

■aBio : 

A Rudimentary and Pracllcsi Treatise. With numerous Eiampies. By 

C»A«i,« CmLO Spen«. 2/6 

Pianoforte, 

Chahlbs Child ?pIn™ . " /™™' >:erc.«. an essons.^^^ 

The House Hanager. 

A Guide lo Housekeeping, Cookery, I^c;:lins imd Preserving, Household 
Work, Dairy Management, Cellarage of Winei, Konw-brBwing and Wine- 
making, Gardening, &il By An Old HousBKeepBit . . 3/6 

Hannal of Domestic Medioine. 

By R. GonniNc. M.D. IniettJert ns a Family Guide in all use^ of 
Accident and Emergency. Tliird Edition, careCully revised . . 2/0 

Hanagement of Health. 
Natural Philoaophy, 

For the Use of Beginners. By Charles ToHLIKiOM, F.R.S. . . 1/6 

The Elementary Principles of Electric Lighting. 

By Alan a. CAMfBELL SwiMTOH, M.Inst.C.E., M.I.E.E. Fourth 

Edition, Revised W't PubUthtd 1/S 

The Electric Telegraph, 

lis History and Progress. By R. SABINE, C.E., F.S.A., &c . . 3/0 

Handbook of Field Fortifl cation. 

ByMajorW. W. Knollvs, F.R-G.S. With 163 Woodcuti . . 3/0 

Logic, 

Ziooke on the Human Understanding, 



The Compendious Calculator 

Twenty-seventh Edition, larefully itviied liy 



: Methods of Periorniina 



logelher with Useful Tables, fie. By Danii 
lEdie '-" :-J<-- »' 



Heasnpes, IBTeightB, and HanevH of all Hatlona. 

Willi an Amlysi^ of lli= Ch.isiian, Helirc», and Mahoracmn Calctidiir'. 
By W. S. e. WoouiDUSE, i'.R.A.S., F.S.S. Se.-cndi Ediiiop . 2/6 

OrammaF of the Bngllsh Tongue, 

Spoken and Writ 1 en, IViihan Imrodnciion 10 l)ie Slndy orComparauve 
PhilolOKy. By Hvi.RCLARJ.f„ D.QL. FlHh Edition. . . .1/6 

Dictionary of the EngliBh Iianguage. 

Ai S)^ol«^n 9iul WtLlicn. Canlaining above ioo,d» Wudi. By Hvon 

Claske, D.C.L 3/6 

Cam/liti ntilA lAt Gkamxas, 6/6. 

Compoaition and Punctuation, 

Familiaily Explained fol Ihcv »bo have nEglecIed Ibe Stody of Grammar. 
ItyJusT.N Ii.BNA«. ,Bu, Edilior.. 1^6 

Frenoh Grammar. 

With tnmplf le and Condsc Rule, on the Ccndtrs of French Nonns. liy 
Hngllah-Frenoh Dictionary. 

Comp.iiing n larce number of Terms D»d in EnELneerine, Mining, &c. 

ByAuFSE^ El»»s 2/0 

French Dictionary. 

In two Pan>-T. Freach-KliiElish. 11. English- French. CDmiihlF in 

Ono VoL 3/0 

•.' 0»-™;/A ,A, CitAMUAB, 4/6- 

Frenoli and English Phcase Booh. 

Colkclisn ufPhr^K^ and Easy Foniiliu Dialogues . . .16 

German Grammar. 

Adapted lor English Sludenls, Troin Heyse'a Theorciioal and Pracrical 

Gorman Triglot Diationary. 

ny N. E. B. A. Hamilton. Pa.t 1. Germaii.French-Engliih. Pat! II. 
EBElish.Cenaan.Prench. Part 111. Hcnch-Gwman-Enaliifi . . 3/0 
German Triglot Dictionary. 

Italian Grammar. 

Aitangcd in Twenty Lessons, v.ilh E^nerdses. By AuFKED Elkes. 1/6 

Italian Triglot Dictionary, 

Wherein the Genderp uf all the lU-liad and French Noun, an carafnlly 

noted dn»n. Ey ALrKEti Elives. Vol. I. I lalian-Engli^- French. 2/6 
Italian Triglot Dictionary. 

ByALPUED ELv.iis. Vul. II. En Elish-Prench- Italian . 2/6 

Italian Triglot Dictionary. 

ByALRHKU Elwes. Vol. 111. Piench-Itnlian-EnBiish . . . 2/6 

Italian Triglot Dictionary. 

(As abovt). In One Vi,l , y/g 

Spanish Grammar. 

Spanish- English and English-Bpanish Dictionary. • 
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Portutfucaa Orammar, 

I,, 1 simple und KriKlicl VanKi. Wilh F..crti«». By Alpbiii. Emus 1 /g 

Portutfuesa-En^liBli ajid BnjlUh-Partu^uesa Dio- 
tionary. 

Including a Lrgc numlxr DrTechuicnl Ttrms uud in htlning, Kng^nHiing, 
&<r.. >iillilhcprapll AaenUtndlhcGEiidcr or every Noun. By Alfbhu 
Euivti. Ihird Ediiion, reviwd 5/0 
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